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Widespread adoption of artificial insemination as a breeding practice has
allowed for expanded use of desirable genetics from specific sires and
greatly influenced production traits in dairy cattle populations worldwide.
In fact, the average dairy cow in the US in 2009 produced 4.5 times more
milk than in 1940 when commercialization of artificial insemination began.
While many factors have contributed to this rapid increase in levels of
milk production, genetic gain through expanded utilization of germlines
from specific sires has been a major contribution. In comparison, use of
artificial insemination in beef cattle populations has been limited due to
challenges with implementing intensive management strategies required
for success. Thus, there is need for alternative reproductive tools to expand
use of desirable male genetics in the beef cattle industry. The process
of sperm production, termed spermatogenesis, is supported by a tissue-
specific stem cell population referred to as spermatogonial stem cells
(SSCs).These unique cells have the capacity for infinite self-renewal and
long-term regeneration of spermatogenesis following transplantation. In
rodents, methods for isolating, culturing, and transplanting SSCshave been
devised. For beef cattle, transplanting SSCs isolated from a donor male
into the testes of recipient males in which donor-derived spermatogenesis
occurs and offspring with donor genetics are produced from natural
breeding has great potential as an alternative to artificial insemination.
This potential reproductive strategy would allow for expansive use of
genetics from desirable sires that overcomes the logistical challenges of
artificial insemination. Translation of the methods devised for rodents to
cattle is at the forefront of development. Devising means for isolating an
SSC-enriched cell fraction from donor testes and identifying conditions that
support long-term maintenance and proliferation of bovine SSCsin vitro are
two tools that would greatly accelerate the pace at which transplantation
will become a commercially viable option for cattle industries. Recent
studies showed that expression of THY1 by SSCsis a conserved phenotype
between rodents and cattle, and selection of the THY1 + fraction from
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donor testes can be used for isolating an SSC-enriched germ cell population.

In addition, the conditions devised for expanding the number of rodent

SSCs in vitro continues to serve as the basis for developing conditions

that support bovine SSCs. With these tools in hand major advances in
developing implementable reproductive tools with SSCs for commercial

cattle production will be made in the coming decade.

Introduction

Utilization of desirable genetics is a key aspect of animal agriculture, allowing for rapid expan-

sion of phenotypic improvement in livestock populations. Currently, the most effective means to

enhance efficiency of food animal production and improve product quality is through introduc-

tion and expansion of specific genetics. In most agriculturally important animal populations the

majority of genetic gain is made through the male germline. Thus, male reproductive efficiency

is an essential component of livestock production and devising means to expand availability of

male genetics can have major economic impacts to the producer and consumer. Spermatozoa

are the cell by which genetics of males are passed to the next generation and are a major target

for preserving the germline after death and expanding the utilization of superior genetics in

cattle populations. One major avenue that sperm have been utilized in cattle production is

with artificial insemination (Al). Since its commercialization in the 1940's, Al has had major

impacts on cattle production over the last 70 years, especially with genetic improvement of

dairy cattle herds (Foote 2002). Widespread adoption of Al in the dairy industry to capitalize

on specific genetics has been a main factor for generation of a cattle population in 2009 that

produces on average 4.5 times more milk per cow than in 1940 (National Agricultural Statis-

tics Service). It has been estimated thatapproximately 80°/0 of dairy cattle in the US are bred

by Al compared to only approximately 5% of beef cattle, resulting in lost opportunities for

genetic gains in this industry (Geary et al., 1998; Perry et al. 2002) . Effective implementation

of an Al program requires intensive management, posing a practical limitation for beef cattle

enterprises in which the majority of animals are typically managed in range conditions where

intensive management is challenging. Thus, there is need for devising alternative reproductive

strategies that allow for expansion and utilization of the germline from genetically desirable

sires in beef cattle populations.

Spermatogenesis and Spermatogonial Stem Cells (SSCs)

Spermatogenesis is the process by which millions of sperm are generated per day in the testis,

commencing at puberty and persisting throughout old age in males (Sharpe, 1994). At the

foundation of this process are the spermatogonial stem cells (SSCs) which undergo both self-

renewal and differentiation. The process of self-renewal maintains a pool of SSCs throughout the

life of a male and provides the basis for continual male fertility. Initiation of sperm production

occurs when SSC differentiation results in production of daughter progeny, termed Appired(Apr)

spermatogonia, which are committed to differentiation rather than self-renewal (de Rooij and

Russell, 2000). The Aprspermatogonia then undergo a series of mitotic cell divisions becoming

Aahgned(AA) spermatogonia and give rise to differentiating type A spermatogonia which undergo

another series of amplifying mitotic divisions. These differentiating A spermatogonia mature into

intermediate and type B spermatogonia which enter meiosis becoming primary and secondary

spermatocytes, and eventually haploid spermatids are produced which undergo a transforma-
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tion into spermatozoa (Russell et al., 1990). Collectively, the SSCs (also termed Aie or A),

A pr, and Aal germ cells are referred to as the undifferentiated spermatogonial population and
share many phenotypic and molecular characteristics (Oatley and Brinster 2008). Similar to

other tissue-specific stem cell populations SSCs are rare within their residing tissue, constitut-

ing an estimated 0.03% of the total testicular cell population in adult mice (Tegelenbosch and

de Rooij, 1993). While the SSC population has not been studied in male livestock to any great

detail, spermatogenesis is conserved among mammalian species and characteristics defined for

SSCs in rodents are likely conserved in higher order mammals such as cattle (Sharpe, 1994).

Due to the extreme rarity of SSCs studying and isolating these cells is a major challenge which

has hampered the pace at which the biology of these cells has been defined.

Conserved molecular characteristics of SSCs

Currently, molecular markers specific for SSCs that distinguish them from the other undifferenti-

ated spermatogonia (i.e. Aprand A,) have not been described. The only unequivocal measure of

SSCs is a functional capacity to regenerate and maintain spermatogenesis. Nonetheless, expres-

sion of several molecular markers that distinguish undifferentiated spermatogonia, including

SSCs, from differentiating spermatogonia have been identified. Studies in the mouse showed

that expression of the transcriptional repressor promyelocytic leukaemia zinc finger (PLZF) is

restricted to the undifferentiated spermatogonial population (Buaas et al., 2004; Costoya et al.,

2004); whereas, expression of c-KIT is restricted to differentiating spermatogonia (Yoshinaga

et al., 1991). Recent studies by Reding et al. (2010) with cattle and Lou et al. (2009) with pigs

showed that expression of PLZF is localized to undifferentiated spermatogonia, suggesting at

least partial conservation of phenotypic and molecular characteristics of spermatogonia in ro-

dents and livestock. Those same studies showed that expression of ubiquitin carboxyl-terminal

esterase Ll (UCHL1) is a general marker of type A spermatogonia in cattle and pigs (Lou et

al., 2009; Reding et al., 2010). Currently, localization of c-KIT expression by spermatogonia

in livestock has not been reported in detail but will be important to characterize for under-

standing how the SSC population is defined in agriculturally important animals such as bulls.

Overall, use of PLZF, UCH Ll , and c-KIT as markers provides a tool to better define different

spermatogonial populations including SSCs.

Niche factors regulating SSC fate decisions

Similar to other tissue-specific stem cell populations found in mammals maintenance of a pool

of SSCs and regulation of their biological activities is supported by a niche microenvironment

(Oatley and Brinster, 2008). This specialized environment is made up of both growth factors

and microarchitecture provided by niche support cells. Coordination between the specific

growth factors secreted by support cells and expression of receptors by SSCs is essential for

maintenance and function of the SSC pool. Thus, defining the support cell populations and their

specific contributions to the niche is important given that disruption of these contributions will

impair male fertility. The majority of understanding about growth factor components of the SSC

niche has been defined using the mouse as a model and conservation of those mechanisms in

livestock are only just beginning to be explored (Reding et al., 2010). For mouse SSCs, specific

cytokines identified as components of the niche include glilal cell line-derived neurotrophic

factor (GDNF), fibroblast growth factor 2 (FGF2), and colony stimulating factor 1 (CSF-1). Re-

duced expression of GDNF in mice with one null allele results in rapid decline of male fertility
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following puberty that is attributed to formation of seminiferous tubules devoid of germ cells,

a condition referred to as Sertoli-cell-only (Meng et al., 2000). Also, overexpression of GDNF
in mice causes accumulation of the undifferentiated spermatogonial population culminating in

formation of germ cell tumors (Meng et al., 2000). These in vivo studies suggested that GDNF

plays a key role in regulating the fate decisions of SSCs in mammalian testes. Subsequent studies

by Kubota et al. (2004a) also utilizing the mouse showed that GDNF could promote long-term

survival and expansion of SSC numbers in a serum-free chemically defined environment in
vitro, solidifying its role as a key regulator of SSC self-renewal. Because of their intimate asso-

ciation with germ cells and known role as "nurse" cells for spermatogenesis, Sertoli cells have

been regarded as the main support cell population for SSC niches. Indeed, Sertoli cells were

shown to express GDNF in response to stimulation from follicle stimulating hormone (FSH)
which is a key regulator of their functional capacity to support spermatogenesis (Tadokoro

et al., 2002). Additional studies by Kubota et al. (2004a) showed that FGF2 supplementation

enhances GDNF-induced proliferation of mouse SSCs in vitro but is unable to sustain SSCs as

the sole growth factor supplement. Similar to GDNF, production of FGF2 has also been tied

to Sertoli cells in the mouse testis (Mullaney and Skinner, 1992). A third factor that contributes

to the milieu of extrinsic stimuli that influence SSC self-renewal is CSF-1. In vitro, exposure

to soluble CSF-1 enhances GDNF influence on SSC self-renewal specifically and expression
of this molecule in vivo is localized to Leydig cells (Oatley et al., 2009). Collectively, these

findings implicate both Sertoli and Leydig cells as contributors to the SSC niche in mouse

testes. While several key growth factors that regulate SSC self-renewal and survival in vitro

have been identified, their rate of proliferation is slow (estimated to be approximately 6 days)

and a pure population cannot be maintained suggesting that additional factors affecting their

fate decisions have yet to be identified. Unfortunately, expression of GDNF, FGF2, or CSF-1

in the testes of livestock animals has not been reported but will be an area of investigation in

the coming decade as more emphasis is placed on translating findings from rodents studies on

SSC biology to higher order mammals.

SSC transplantation

A key aspect of SSC biology is their ability for efficient transplantation and regeneration of

spermatogenesis. This capability is especially important for altering the genetic makeup of

animal populations given that SSCs are the only permanent self-renewing cell type in mammals

that contribute genetic information to the next generation. In 1994, Brinster and colleagues

reported the regeneration of donor-derived spermatogenesis following microinjection of a

single cell suspension of testicular cells isolated from a donor mouse into the testes of recipi-

ent mice and offspring containing donor genetics were generated after mating (Brinster and
Zimmerman, 1994; Brinster and Avarbock, 1994). These pioneering studies were the first to

prove existence of a stem cell population within mammalian testes and opened a new field

of study in male reproductive biology. Stem cells are defined by an ability to maintain tissue

homeostasis and regenerate long-term tissue function following toxic damage that depletes the
tissue of differentiated cells or following transplantation. For the testis, long-term regeneration

of spermatogenesis is the defining feature of testicular stem cells. Because the undifferentiated
spermatogonial population represents the foundation of spermatogenesis it is believed to contain

the testicular stem cells and this regenerating cell population was labeled as spermatogonial

stem cells or SSCs. Ever since the first reports of transplantation success, several groups have

aimed to extend this methodology to other mammals including humans and livestock.
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For cattle, the SSC transplantation method has the potential to provide a novel avenue

to (1) immortalize the germline of genetically desirable sires, (2) efficiently expand utilization

of desirable male genetics, and (3) provide an efficient means for generation of transgenic cat-

tle. These possibilities are especially applicable to the beef cattle industry where use of Al has

historically been limited due to impracticality. One potentially valuable application would be

transplantation of SSCs from a desirable donor bull into the testes of a group of recipient bulls in

which donor-derived spermatogenesis would occur and the recipients breed by natural service

to generate offspring with the donor genetics (Figure 1). This potential reproductive tool would

overcome the logistical difficulties associated with implementation of Al, allowing for efficient

utilization of desirable male genetics. As a result, genetic gain in beef cattle populations could

be enhanced leading to more efficient production of meat and fiber for human consumption.

While the potentials are great, translation of SSC transplantation methods devised for mice to

cattle has been limited. In mice, isolation of an SSC-enriched fraction from the total testicular

cell population for injection into recipient testes has dramatically enhanced the efficiency of

SSC transplantation success, and this principal has recently begun to be developed for bulls

(Reding et al., 2010).

SC Transplantation

Fig. 1. Scenario for application of SSC transplantation in beef cattle. Isolation of SSCs from

the testis of a genetically desirable bull followed by a period of in vitro maintenance that

supports their proliferation would provide a source of donor SSCs for transplantation into

recipient bulls. Donor-derived spermatogenesis would then occur within recipient testes

and these bulls could breed by natural service to generate offspring containing donor

genetics. This potential application would provide a novel reproductive tool for expanding

the use of desirable male genetics in the beef cattle industry.

Due to rarity of SSCs in mammalian testes extensive regeneration of donor-derived sperma-

togenesis within recipient testes is limited without enrichment prior to transplantation. This

limitation has prompted the search for cell surface markers that could be used with cell sorting

technologies such as fluorescent activated cell sorting (FACS) or magnetic activated cell sorting

(MACS) to isolate an SSC enriched fraction for transplantation. The mouse has been predomi-

nately used as a model to identify cell surface markers of mammalian SSCs. However, recent

progress has been made in translating findings in the mouse to bulls (Reding et al., 2010). The
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first reported markers of mouse SSCs were a6-integrin and 131-integr in which resulted in 8-fold

and 4-fold enrichment for SSCs following transplantation, respectively (Shinohara et al., 1999).

To date, the greatest enrichment for mouse SSCs based on a single cell surface protein is by

selection of the THY1 + cell fraction (Oatley and Brinster, 2008). In adult mouse testes, the

THY1 + cell fraction is enriched 30-fold compared to the unselected total testis cell popula-

tion (Kubota et al., 2004b). Logically, because GDNF is an essential growth factor promoting

SSC self-renewal selection of spermatogonia expressing the associated receptors, c-RET and

GFRa1, should result in enrichment for SSCs. Unfortunately, both the c-RET+ and GFRa1 +

testis cell fractions from adult mice are depleted of SSCs indicating these are not effective mark-

ers for isolation of stem cells (Ebata et al., 2005). Other surface proteins identified as markers

for rodent SSCs include CD9 (Kanatsu-Shinohara et al., 2004), Ep-CAM (Ryu et al., 2005), and

GPR125 (Seandel et al., 2007), but none have shown the level SSC enrichment found with

THY1 (Oatley and Brinster 2008).

Conservation of cell surface phenotype for SSCs among mammals is just beginning to be

explored. Recent studies by Reding et al. (2010) showed that THY1 is a conserved maker of

SSCs in bulls and that selection of the THY1 + cell fraction by MACS results in isolation of

an SSC-enriched population from testes of pre-pubertal bulls. The development of SSC trans-

plantation methods in mice was greatly advanced by identification of SSC surface markers

that allowed for their isolation (Oatley and Brinster 2006; Oatley and Brinster 2008). With

the recent progress in identify markers of SSCs in bulls the pace at which development of SSC

transplantation in cattle is sure to increase.

Even without selection of an SSC enriched population for injection several studies have

attempted transplantation in bulls utilizing unselected testis cell populations (Izadayar et al.,

2003; Herrid et al., 2006; Stockwell et al., 2009; ). While none of these studies have provided

definitive results of success, important information has been gleaned about feasibility of the

testis injection procedure. The greatest challenge for determining success of SSC transplanta-

tion in bulls is unequivocal identification of donor-derived spermatogenesis. In rodents, this

has been achieved through the use of naturally sterile recipients in which any regeneration of

spermatogenesis is donor-derived or with donors that express a marker transgene (e.g. LacZ

or GFP) within the germline (Oatley and Brinster 2006). lzadayar et al. (2003) performed ho-

mologous and autologous germ cell transplantation with 5 month old Holstein bulls following

localized irradiation of recipient testes to deplete endogenous spermatogenesis. At 2.5 months

after injection of donor germ cells cross-sections of recipient testes were examined for sper-

matogenesis histologically and those receiving donor cells contained a greater proportion of

seminiferous tubules with both spermatogonia and complete spermatogenesis (Izadayar et al.,

2003). Unfortunately, the donor cells were not labeled for detection after transplantation and

spermatogenesis within recipient seminiferous tubules could not be unequivocally proven to be

donor-derived. Also, by definition transplanted germ cells must support long-term regeneration

of spermatogenesis (i.e. several rounds of spermatozoa production) to be considered SSCs but

the timeframe of analysis employed by Izadayar et al. (2003) only examined spermatogenesis

within recipient bulls after one round of spermatogenesis. Moreover, in mice germ cell devel-

opment from spermatogonia to spermatozoa occurs over a 35 day period but the first round of

spermatogenesis from transplanted SSCs is delayed requiring at least 1.5 cycles or —52 days

(Nagano et al., 1999). In bulls, spermatogenesis is approximately 61 days; thus, identification

of donor-derived spermatogenesis after 2.5 months (— 75 days) reported by Izadayar et al.

(2003) suggests regeneration from transplanted bovine SSCs is accelerated compared to the

mouse. Using detectable differences in microsatellite markers Stockwell et al. (2009) detected

donor spermatozoa within the ejaculate of recipient bulls 52-98 weeks after injection of germ
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cells, but their appearance declined over time. These results indicated that the donor-derived
spermatozoa were not a result of SSC colonization given that long-term regeneration of sper-
matogenesis was not achieved. Even with these areas of contention for success of bovine SSC
transplantation, previous studies have provided the framework for refinement in the future to
develop this technique as a reproductive tool for expanding utilization of the male germline.

Long-term culture of SSCs

In vitro maintenance of SSCs for long periods of time in conditions that support their self-
renewal is a key aspect for developing reproductive technologies that utilize these cells to
immortalize and expand the use of germlines from desirable males. The rarity of SSCs even if
isolated from donor testes is a limiting factor for success of transplantation into recipients and
widespread utilization of this technology. The potential for infinite expansion of SSCs in vitro
through support of self-renewal would provide millions of these cells for transplantation into
hundreds of recipient bulls. Moreover, when combined with cryopreservation methodologies
the germline of specific males could be immortalized. These possibilities have advantage over
sperm cryopreservation as the standard for germline preservation after death given that sperm
are a non renewable resource without the associated SSC population. To date, techniques
for long-term maintenance and expansion of SSCs are only available for mice (Kubota et al.,
2004a; Oatley and Brinster 2006), rats (Ryu et al., 2005), and hamsters (Kanatsu-Shinohara et
al., 2007). Previous studies with cattle have resulted in short-term proliferation of SSCs, but
long-term maintenance has not been achieved (Oatley et al., 2004a; Oatley et al., 2004b;
Aponte et al., 2005). Additionally, culture of SSCs from other livestock species has not been
reported. However, utilizing the mouse system as a basis our lab has made strides in refining
culture conditions for maintenance of bovine SSCs (Figure 2).

Bovine

Fig. 2. Formation of germ cell clumps (arrows) in cultures of THY1 + cells isolated from

the testes of mice (A) and bulls (B). Cultures were maintained in serum-free chemically

defined media with either mouse serum-free nutrient supplement (mSFM, Kubota et al.,

2004a) for mouse cells or StemPro® serum-replacement for bovine cells. Also, the media

was supplemented with the growth factors GDNF and FGF2. The germ cells loosely attach
to an underlying feeder cell monolayer composed of STO cells for mouse cultures and

bovine embryonic fibroblasts (BEFs) for bovine cultures. The clumps appear morphologically

similar between the two species and mouse cells are proven to contain SSCs. Thus, the

formation of these germ cell clumps from bovine testes may contain bona fide SSCs.
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For rodents, maintenance and proliferation of SSCs in vitro requires mitotically inactive feeder

cell monolayers and optimized serum-free medium with specific nutrient and growth factor

supplementations. Feeder cells derived from mouse embryos have proven the most effective at

supporting self-renewal of rodent SSCs for several months in vitro (Oatley and Brinster 2006).

Immortalized STO (mouse embryonic fibroblast) feeder cell monolayers support expansion of

both mouse (Kubota et al., 2004a) and rat (Ryu et al., 2005) SSC numbers for greater than 5

months in culture. In addition, primary mouse embryonic fibroblasts (MEF) support long-term

self-renewal of mouse gonocytes (precursors to SSCs) in vitro (Kanatsu-Shinohara et al., 2003).

With bulls, primary bovine embryonic fibroblasts (BEE) have been utilized as feeders and sup-

port short-term expansion of bovine SSCs (Oatley et al., 2004b). When maintained in complex

serum containing medium SSC numbers increased over a 7 day period with BEF feeders, but
rapidly declined after 14 days suggesting that long-term self-renewal could not be supported

(Oatley et al., 2004b).

In addition to feeder cell monolayers, expansion of rodent SSC numbers in vitro is effectively

supported in serum-free medium conditions (Kubota et al., 2004a; Ryu et al., 2005; Kanatsu-

Shinohara et al., 2005). In contrast, several cell types, including embryonic stem cells, require

the addition of fetal bovine serum (FBS) in basal media to support growth. The complexity of

nutrients in FBS preferentially supports proliferation of rapidly dividing cells. Because SSCs

divide relatively slowly (Kubota et al., 2004a), other rapidly dividing cell types such as testicular

fibroblasts outgrow SSCs when cultured in serum-containing medium resulting in loss of SSCs

over time. Also, FBS appears to have toxic effects on mouse and rat SSCs in culture (Kubota

et al., 2004a; Ryu et al., 2005). Previous attempts at culturing bovine SSCs have included FBS

in basal medium (Dobrinski et al., 2001; Oatley et al., 2002; Oatley et al., 2004a; Oatley et

al., 2004b; Aponte et al., 2005). In those studies, short-term expansion of bovine SSCs was

observed followed by rapid decline of SSC numbers at which time fibroblast take-over was

observed, likely impairing SSC proliferation and survival (Dobrinski et al., 2001; Oately et al.,

2002; Oatley et al., 2004b).

For rodent SSCs, a defined serum-free condition composed of Minimal Essential Media Alpha

(MEW() as the base medium with specific nutrient supplementation supports SSC survival and

proliferation for extended periods of time (Nagano et al., 2003; Kubota et al., 2004a; Kubota

et al., 2004b). Mouse SSC culture conditions developed by Kubota et al. (2004a) utilized a

chemically-defined serum-free supplement (mSFM). Extension of this system to support rat SSCs

required enrichment of specific components of mSFM leading to creation of a rat serum-free

supplement (rSFM; Ryu et al., 2005). In both these supplements each component is added at

specific concentrations, providing consistent results because media conditions can be acutely

controlled between batches. In less defined conditions, supplementation with commercially

produced StemPro® serum-replacement (Invitrogen; Carlsbad, CA) also supports long-term

self-renewing expansion of mouse SSCs (Kanatsu-Shinohara et al., 2005). In those conditions,

supplement components are proprietary and batch-to-batch variation effects reproducibility of

SSC proliferation in vitro. To date, the effects of any basal medium and serum-free condition

with nutrient supplementation that supports rodent SSCs in vitro has not been reported with

livestock SSCs.

SSC self-renewing proliferation in serum-free conditions is limited without the addition of

specific growth factors. Addition of soluble GDNF is essential for expansion of mouse, rat, and

hamster SSC numbers when cultured in defined media conditions (Kubota et al., 2004a; Ryu et

al., 2005; Kanatsu-Shinohara et al., 2007). Importantly, preliminary studies with bovine germ

cells showed that addition of GDNF to complex culture medium enhanced short-term expan-

sion of SSCs over a 14-day period (Oatley et al., 2004b). Studies with the mouse showed that

insulin-like growth factor 1 (IGF-1), epidermal growth factor (EGF), FGF2, CSF-1, and leuke-
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mia inhibitory factor (LIF) enhance GDNF influence on SSC maintenance and proliferation in

serum-free conditions (Kubota et al., 2004a; Kubota et al., 2004b; Kanatsu-Shinohara et al.,

2005; Kanatsu-Shinohara et al., 2007). In serum-free medium with specific nutrient (e.g. mSFM,

rSFM, or StemPro®) and growth factor supplements SSCs grow as three dimensional clumps

of germ cells loosely attached to the feeder cell monolayer (see Figure 2). Similar generation

of germ cell clumps in vitro from bovine testis cells has not been reported. Instead, studies

by Oatley et al. (2004b) and Aponte et al. (2005 and 2008) have shown maintenance of cells

with a fibroblast-like morphology indicating either bovine SSC morphology in vitro is distinctly

different from rodents or the cultures did not contain bona fide SSCs.

Translation of conditions that support proliferation of rodent SSCs in vitro to SSCs of other

mammals has been challenging and not reported to date in peer reviewed literature. One aid in

establishing mouse SSC cultures has been isolation of an SSC-enriched cell fraction from donor

testes for initial setup of the culture. Elimination of the non SSC components of a testicular cell

population especially the rapidly dividing somatic cells is advantageous for growth of SSCs in

vitro. For development of mouse SSC cultures the isolated THY1 + cell fraction was utilized

and is commonly used to effectively maintain and expand the number of SSCs in serum-free

chemically defined conditions. Recent studies by Reding et al. (2010) showed that the THY1 +

cell fraction from bull testes is enriched for SSCs indicating conserved characteristics for these

cells among mammalian species. Thus, it is likely that conditions supporting proliferation of

mouse SSCs in vitro can serve as a basis for tailoring conditions that support SSCs of other

mammals including cattle. In fact, our recent studies have tested the mouse condition of MEMa

base medium with StemPro®, GDNF, and FGF2 supplementation with BEF feeders for support

of bovine THY1 + SSCs and observed the formation of germ cell clumps resembling those that

develop in mouse cultures (Figure 2). For the first time, these cultures may represent mainte-

nance of bovine SSCs in vitro. Future work will involve refining these conditions to support

long-term proliferation that can serve as a source of donor SSCs for further development of

transplantation methods in bulls.

Conclusions

Major advances in genetic gain of cattle populations can be made with reproductive tools that

expand the availability of germlines from desirable males. While Al has been widely used in

dairy cattle to achieve this and resulted in major improvements of milk production over the

last 70 years, beef cattle populations have lost opportunities for genetic improvement because

of the impracticality needed for implementation of Al programs. The unique functions of the

SSC population for self-renewal and regeneration of continual spermatogenesis provides a

novel alternative to Al for expanding the utilization of desirable male genetics in the beef

cattle industry. Reproductive tools based on SSCs such as transplantation are at the forefront

of being developed in cattle. In rodents, progression of techniques for isolation, culture, and

transplantation of SSCs spanned greater than a decade of research. While several studies have

reported limited development of culture conditions for bovine SSCs and transplantation between

donor and recipient bulls, none have provided definitive evidence of success that is close to

commercialization or useful as a tool in livestock production. One of the major limitations has

been lack of methods to isolate an SSC-enriched cell fraction from bull testes. Recently, Reding

et al. (2010) reported this capability based on selection of THY1 + cells, adding a key tool for

further developing culture and transplantation methods for bulls. Major advances in developing

these techniques as usable tools in the cattle industry will be made in the coming decade.
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