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Abstract

Surface molecules of primitive male germ cells, agytes, are essential components for
regulating cell adhesioand maintaining self-renewah mammalian species. In domestic
animals, a stage-specific glycan epitope\-acetylgalactosamine (GalNAc), is recognized by
the lectin Dolichos biflorus agglutinin (DBA) and is found on the surface of gonocytes and
spermatogonia. Gonocytes from bovine testis formemise embryonic stem (ES)-like cell
colonies on plates, which were previously coatethvdBA or extracellular matrix (ECM)
components such as gelatin (GN), laminin (LN) ardy4h-Lysine (PLL). The number of

colonies on the DBA plate was significantly higliean the numbers of colonies on the GN, LN
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and PLL platesPretreating gonocytes with DBA to neutralize themieal GalNAc residues
strongly suppressed colony formati¢turthermore, the expressions of a germ cell-fipegene
and pluripotency-related transcription factors wiek@eased considerably on the DBA plates. These
results suggest that the GalNAc residues on gorsaydn recognize pre-coated DBA on plates and
the resulting GalNAc-DBA complexes support germ aatl stem cell potentials of gonocytasitro.
These glycan complexes through the GalNAc epitopg provide a suitable microenvironment for

the adhesion and cell proliferation of gonocytestitiure.

Introduction

A population of germ cells has the unique abilibyttansmit genetic information to the next
generation.Gonocytes are primitive germ cells that are presenthe early stage of the
neonatal testis and that give rise to spermatog@parmatogonia have the potentalself-
renewal and differentiation to spermatozoa, theialiiating spermatogenesis. In rodents, gonocytes
growing in culture acquire the characteristics pkersnatogonia, exhibit stem-cell potentias
indicated by their self-renewgKanatsu-Shinohar&t al. 2003; 2005), and can contribute to
spermatogenesis after transplantation into immuefiidnt nude mouse testes (Orvéigal. 2002a;
2002b). However, in domestic animals, little is ‘wmoabout whether gonocytes have stem-cell
activity during germ cell development. Culture citioths for maintaining germ cells have been
established for various species including mousegéNaet al. 1998; 2003; Kubotat al. 2004;
Kanatsu-Shinoharet al. 2005), rat (Hamrat al. 2005), hamster (Kanatsu-Shinohataal. 2008a)
and rabbit (Kubotat al. 2011). In domestic animal species, however, caltystems have not been
available and cell lines such as embryonic germ) (&Bs in mouse have not been established.

In the testis, the dynamic events during spermaiesje occur through the basement membrane
of the seminiferous tubule and the interaction v@#rtoli cells. In fact, the basement membrane of
the seminiferous tubule is composed of extracellotatrix (ECM), whose major components are
collagen and laminin (Siu and Cheng 2004). Recdridtiess have revealed that adhesion molecules on

the surface of SSCs specifically recognize ECM comemts, which have been used to identify and
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purify the population of germ cells in mixed teatar cells (Shinoharat al. 1999; Orwiget al.
2002c; Hamreet al. 2005). Furthermore, adhesion molecules, sucBlasando6-integrin are
known to be receptors of laminin. These moleculdsch are present on the surface of mouse
SSCs, support the long-term proliferation of SSiEsulture (Shinoharat al. 1999; Kanatsu-
Shinoharaet al. 2005) and play critical roles in the reconstructaf the stem cell niche after
transplantation into immunodeficient mouse teHianatsu-Shinoharet al. 2008b). Therefore,
the adhesion of cells to ECM molecules seems toassociated with their survival and
proliferation, bothin vitro andin vivo. However, in the case of cattldtle is known about the
mechanism by which germ cells adhere to ECM magrice

One approach to distinguishing and characteriziagngcells in a mixed testicular cell
population is to identify a stage-specific glycatidn event. A lectin,Dolichos biflorus
agglutinin (DBA), which recognizes a terminblacetylgalactosamine (GalNAc) residue (Piller
et al. 1990), is a specific marker for germ cells sucly@socytes and type A spermatogonia in
both pig (Goelet al. 2007) and cattle (Ertl and Wrobel 1992; Izadgiaal. 2002). In addition,
DBA can be used to enrich germ cells by using magpaetivated cell sorting (MACS) (Herrid
et al. 2009). Therefore, germ cells isolated by DBA camaluseful model for understanding the
roles of cell surface glycans in adhesion and fanation of germ cells botim vivo andin vitro.

In domestic animals, a procedure for a long terrtuoel of germ cells has not been
established. To achieve this, the expressionstaf piuripotency-related genes suchNe&NOG
and POU5SF1 are essential, but their expressions graduallyedse as the passage number
increases (Goedt al. 2009). The pluripotent state in cultured germscethn be supported by
using ECM components that interact with adhesiodemdes on the cell surface (Chai and
Leong 2007), which suggest that some cell surfaokeenles can regulate the expression of
genes associated with a pluripotent state in adtugerm cells. However, the effects of
biomaterials, such as ECM molecules and DBA, onatieesion, proliferation and stem cell
potential of germ cells remain unknown in domeatianals.

In the present study, we tested the hypothesis #ditesion molecules including
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carbohydrate chains on the surface of germ cdiéstatell survival and proliferation in culture. Ou
results suggest that the terminal glycan residdeselb surface carbohydrates are involved in the

proliferation and the stem cell potential of bovg@nocytes in culture.

Materials & Methods
Collection of the testes and the isolation of gonocytes

Testes were collected from Holstein bul®g taurus) aged 3 months old from a local farms and
were immediately placed in DMEM/F12 medium (Gibclmvitrogen, Carlsbad, CA, USA)
supplemented with 100 IU/ml penicillin (Sigma-Aldrich, St. Louis, MO, USA), 56ng/mf*
streptomycin (Sigma-Aldrich), 40 mg/higentamycin sulfate (Sigma-Aldrich) and 15 mM HEPES
(Wako, Osaka, Japan). The collected testes weanspoated to the laboratory at 4#thin 24 hr. The
part of the testis was fixed with Bouin’s fixative 4% (w/v) paraformaldehyde (PFA) solution for
immunohistochemical analysis.

To collect testicular cells, the testes were trbatdgth three-step enzymatic digestions and
isolated cells were subjected to the discontinwdmrssity gradient Percoll centrifugation as describe
previously with some modifications (Fujihaet al. 2011). Briefly, to obtain a testicular cell
suspension, the decapsulated testicular tissuemwased into small pieces and treated with a first
enzymatic solution that was supplemented with 2rhgbitlagenase (type 1V; Sigma-Aldrich) and 1
mg/ml deoxyribonuclease | (DNase I; Sigma-Aldrieh)DMEM/F12 for 30 min. at 37°C. Testicular
cells were washed 3 times in DMEM/F12 and sequigntitgested with a second enzymatic solution
containing 2mg/ml collagenase (type IV; Sigma-Adtl)i 2 mg/ml hyaluronidase (Sigma-Aldrich)
and 1 mg/ml deoxyribonuclease | for 30 min at 3&i@ washed with DMEM/F12. The collected
cells were incubated with third enzymatic soluti@@25% trypsin and 0.53 mM EDTA in PBS)
containing 5 mg/ml deoxyribonuclease | for 10 nah37°C, washed with DMEM/F12, filtered with

50 mm nylon meshes (Kyoshin Rikoh, Tokyo, Japan), arel iiolated cells were subjected to the

discontinuous density gradient Percoll centrifugatiGonocytes were fractionated between 40 to

50% and identified by DBA-staining and morphologidafinition with large diameter in cell size.
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The viability of purified cells wag95%, as determined by trypan blue exclusion assay.

In vitro culture of gonocytes
Freshly collected gonocytes were seeded at a gleoi2 x 10 cells/cn¥ onto culture

dishes (lwaki, Tokyo, Japan). The culture mediumdusas DMEM/F12 supplemented with 10
wg/mL?t insulin (Sigma-Aldrich), 10xg/mL?® apotransferrin (Sigma-Aldrich), 100 IU/mL
penicillin (Sigma-Aldrich), 50xg/mL? streptomycin (Sigma-Aldrich), 4@g/mL?, gentamycin
sulfate (Sigma-Aldrich), single strength non-ess¢ramino acid solution (Gibco, Invitrogen),
1mM pyruvate (Sigma-Aldrich), 1.%¢/ml 60% (w/v) sodium lactate (Sigma-Aldrich), 0.0¢m

B-mercaptoethanol (Wako), 20 ng/rhbasic fibroblast growth factor (0FGF; Upstate, €enla,
CA, USA), 20 ng/mt! glial-derived neurotrophic factor (GDNF; R&D SysteMinneapolis,
MN, USA), 50 ng/mL* epidermal growth factor (EGF), 1% (v/v) fetal bowiserum (FBS; JRH
Biosciences, Lenexa, KS, USA) and 15% (v/v) knotlkamrum replacement (KSR). The culture
medium was changed every other day and passagaetit 7 to 10 days interval using 0.25%
(w/v) trypsin and 0.53 mM EDTA solution or mechaliclissociation methods using a fire-
polished Pasteur pipette. Cells were cultured @G incubator at 37°C in a water-saturated

atmosphere with 95% air and 5% £0

Preparation of ECM matrix plates and assessment of binding affinity of germ cells

Culture dishes were pre-coated with ECM molecu®2% (w/v) gelatin (GN) (Sigma-
Aldrich), 20 gg/mL? laminin (LN) (Sigma-Aldrich) and 1Qug/mL? poly-L-lysine (PLL)
(Sigma-Aldrich) and 30xg/mL! DBA (Vector Laboratories, Burlingame, CA, USA) for
overnight at 37°C, then washed with PBS and werekield with 5% BSA in PBS for 1 hr at
37°C to prevent non-specific binding.

To analyze the binding affinity of gonocytes totawd dishes, freshly collected gonocytes

were plated in 4-well or 24-well culture dishesdkpd) pre-coated with different ECM molecules.
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Cells were incubated for 4 hr at 37 °C in an adftemedium: which was DMEM/F12 supplemented
10% FBS without KSR and growth factors to enhaheeattachment of germ cells on ECM matrices.
After 4 hr of culture, floating cells were discaddeand adhered cells were gently washed and
collected in the culture medium. Adhered cells wararacterized by immune-cytochemical staining
to distinguish germ-cell and somatic-cell populasioAntibodies were used for germ-cell markers
(UCHL1 and DBA) and Sertoli-cell marker (VIMENTINY.he average numbers of positive cells for
specific markers were counted in the microscomtdfiimagnification: 200x) that were randomly

selected six fields per sample (n= 4-5) and webjested for the statistical analysis.

Assessment of colony formation on the different ECM matrices

Freshly isolated gonocytes were seeded at a desfstty 16 cells/cn? onto 4-well, 24-well or
35 mm dishes. Gonocytes were incubated in the adh@nedium on the pre-coated dishes, which
were pre-coated with different ECM matrices and DiBA12 hr at 37°C. Gonocytes were then pre-

incubated with DBA (30g/mL™) for 30 min at 37 °C to neutralize GalNAc residoesthe surface of

gonocytes. After pre-incubation, gonocytes werelséat a density of 2 x 1@ells/cn? onto 4-well,
24-well or 35 mm dishes. DBA pre-treatment cellsevmcubated on the GN plates (D30_GN) and

DBA plates (D30_DBA) for 12 hr at 37°@fter 12 hr of culture, floating cells were decahte
and the adhered cells were washed with culture ungdand then cultured with the adherent
medium for another 4 to 7 days on different ECM nnas or DBA To examine the glycan
epitopes on colony formation, gonocytes were then pcebated with DBA (30z/mL™) for 30 min

at 37 °C to neutralize GalNAc residues on the serfaf gonocytes. After pre-incubation, gonocytes
were seeded at a density of 2 x° 1@lls/cn? onto 4-well, 24-well or 35 mm dishes and were
incubated on the GN plates (D30_GN) or DBA plate8qQ_DBA) for 12 hr at 37°C. The culture
medium was changed every 2 days. At 5 days, tla¢ notmbers of colonies were counted on each
well of a 4-well or 24-well plate to obtain the aage number of colonies. The above procedure was

replicated four times for the each group.
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Immunochemistry of testicular tissues and cultured gonocytes

Gonocytes were identified in the testicular tissaled cultured testicular cells using DBA-
FITC (1:50; Vector Laboratories, Burlingame, CA, A)Sand anti-UCHL1 (PGP9.5; 1:100;
Biomol, Exeter, UK). The presence of Sertoli cellsultured testicular cells were confirmed by
using anti-VIMENTIN (clon v9, 1:100; Sigma-Aldrichyhe expression of pluripotency specific-
markers on gonocytes in bovine testis and cultdesticular cells was examined using anti-
NANOG (1: 200; Chemicon International, USA) andi&®U5F1 (1:50; C-10, Santa Cruz
Biotechnology, CA, USA), as described previouslyoéGet al. 2008; Fujiharaet al. 2011).
Briefly, testis sections were fixed with Bouin’sditive or 4% PFA, washed several times
with 0.2% (v/v) Tween 20 in TBS (TBS-T), incubat@d5% (w/v) BSA in TBS for 90
min to block non-specific binding, incubated witiletDBA-FITC and primary antibodies

overnight at 4C, washed with TBS-T three timesncubated with the corresponding

secondary antibody as an anti-rabbit IgG antiboalyjugated with Alexa 546 (1:500;
Molecular Probes, Eugene, Oregon, USA) and antisadgG antibody conjugated with
Alexa 546 (1:500; Molecular Probes, Eugene, Ore@#®A) for 1 hr at 3T , rinsed
three times with TBS-T, stained with Hoechst 333&gma-Aldrich) for 10 min,

mounted with 50 % glycerol in PBS and observed wvrate immune-fluorescence
microscope (Olympus BX 50, Tokyo, Japan)

Cultured cells were examined for the presence nbggtes by germ-cell-specificmarkers
(DBA, and anti-DDX4) and for stem-cell potential Ipjuripotent-specific markers (anti-
NANOG and anti-POU5F1). Samples were fixed with B@ufixative or 4% PFA, washed
several times with TBS-T, incubated 0.3% (v/i\yOalin PBS for 15 min to block endogenous

peroxidase activityywashed with PBS several times, incubated in 5% )(BSA in PBS

for 30 min to block non-specific binding and inctézh with DBA and primary

antibodies overnight afC. The primary antibodies were anti-NANOG (1:200 dda,
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anti-POUS5F1 (1:50 dilution), and anti-DDX4 (1:30hemicon, USA)After incubation with
primary antibodiessamples were washed with TBS-T three times, inadbatith substrate-
chromogen mix for DBA or the corresponding HRP-cgajted secondary antibodies, i.e.,
sheep anti-rabbit IgG (1:100; GE Healthcare, Bugkamshire, UK), sheep anti-mouse IgG
(1: 100; Amersham Biosciences, UK) for 1 h at raemperature, rinsed several times with
TBS-T, mixed with substrate-chromogen for 3-5 narcolorimetrically measure peroxidase
activity, washed with TBS several times, counteénsta with hematoxylin, mounted on slides,
and observed under the microscope (Olympus BX 8kyd, Japan).

To examine a stem-cell-potential of gonocytes itllesapurified gonocytes were double stained
with DBA-FITC, anti-UCHL1, anti-NANOG and anti-POB& antibodies using immune-

fluorescence labeling as described above.

RT-PCR analysis

Testicular cells were cultured for 4 days on thiéedént ECM matrices. Total RNAs
were prepared from these callsing a ToTally RNA kit (Ambion, Inc., Austin, TXjccording to
the manufacturer’s protocol. RNAs were also isaldtem 3-month-old testes as a positive control
(T). Oligo (dT) primers and RNase OUT (both fronvitrogen) were added to the RNA solution,
incubated for 5 min at 65°C and set on ice. Foersy transcription, ReverTra Ace (MMLV reverse
transcriptase RNaseH-; Toyobo) was added to the Bli&ion and incubated for 10 min at 30°C, for
60 min at 42°C, and for 5 min at 99°C (RT+). At g@me time, the reaction without the addition of
ReverTra Ace was done to check genomic DNA contatiin (RT-). The PCR amplification was
carried out on 2ul of cDNA per 20ul of PCR reaction mixture containing, 2 mM MgC0.25 mM
dNTPs, 1 x PCR buffer, 10 pmol of each primers Addof Tag DNA polymerase (ExTaq, TaKaRa,
Ohtsu, Japan). The primer sequences used for thhfigation of specific genes are shown in Table 1.
PCR products were separated and visualized on 2vAf (agarose gels containing Opfg/mi?

ethidium bromide. All PCR products were sequenostbhfirm their identity.
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Satistical analysis

All data are presented as the mean + SEM (n= 45@ach group. To determine the
differences among experimental groups, one-waywarvtay ANOVA was performed using
GraphPad Prism 4.0 (GraphPad Software, Inc., SagdDCA, USA). All data were subjected to

Tukey's multiple-comparison tedb determine the significance of differences betwee

groups Differences were considered to be significarR &t0.05.

Results
Characterization of stem cell potential of developing germ cells

To examine the DBA binding affinity and the expreaspattern of pluripotent-specific
markers in bovine testi8§-month-old testes sectiom@reimmunohistochemically stained
The binding of DBA and expression of UCHL1 were eifved in populations of gonocytes.
These cells were easily distinguished from othenata cell populations by two morphological
features with a large nucleus and a basal locatidhe seminiferous tubules (Figa-tl). DBA
was found on cell surface or cytoplasmic part afagytes (Fig. &-b), while UCHL1 expression
was observed in the germ cells (Fig-d). Double-immunostaining for UCHL1 (a germ
cell-specific marker) and DBA show that UCHL1 ispexssed in most of the DBA-
positive cells (Fig. &g), while a small number of UCHL1-positive cells (one i
indicated bywhite arrow in Fig. 1e) were negative for DBA (Fig.fdg). To examine the
stem-cell potential of DBA-positive germ cells, ees were double stained with DBA and anti-
POUS5F1 (Fig. Io-j) or anti-NANOG (Fig. k-m). Most of the cells expressing POUS5SFL1 (Fig.
1h) were DBA-positive (Fig. . An example of a cell expressing POUFL1 that isABB
negative is shown by the white arrow (Fidp-j). The POU5SF1 expression was detected in
most of the DBA-positive cells, but some of the PBBW-positive cells were not shown the DBA

signal (Fig. b-j). The expression of NANOG was also detected in thairséerous
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tubules (Fig. k). Some of the NANOG-positive cells were DBA-pogtiand some were not
(Fig. 1j-m). Some of the NANOG-negative cells were also DB¥ipve (Fig. 1k-m),

indicating that DBA and NANOG expression were noincident in germ cells of the prepubertal

bovine testis.

Cultivation and characterization of bovine gonocytes

Bovine gonocytes were isolated and enriched by dHecentrifugation (Fig. 8). When the
isolated cells were cultured on a GN-coated diséy formed cell clumps at 1 day of culture (Fig) 2
and formed mouse ES-like colonies by 3-4 days (&Y. which became compacted around 6-7 days
(Fig. ) and gradually enlarged during the culture perMdst of these colonies were stained with
germ cell-specific markers (DBA, Fig.e2and DDX4, Fig. 8) and stem cell-specific markers

(POUSF1, Fig. 2and NANOG, Fig. B), suggesting that gonocyte colonies in culture kalle a
stem cell potentialln the following passages, the colonies gradudigreased in number and

disappeared by 5-7 passages.

Binding of gonocytesto DBA and different ECM matrices

The binding of gonocytes to different ECM matricasl DBA was examined at 4 hr after cell
plating (Fig. 3). The average number of testicular cells wagnificantly higher on the PPL plates
(192.0 £14.7 cells, p<0.01) and lower on the LNtg#a(79.0 +9.6 cells) (Fig.ap with compared to
the GN and DBA plates. The average numbers ofctdati cells on the GN and DBA plates were
similar (98.3 +22.6 cells and 104.6 +9.1 cells,pexgively) (Fig &). In the case of Sertoli cells,
which are identified by staining for VIMENTIN, abbaqual numbers of cells bound to each of the
different ECM matrices, and non-positive cells wesignificantly increased on the PLL plates
compared to other palates (Fig)3Although the number of attached testicular celds highest on
the PLL plates, it is interesting that the numbegonocytes was significantly higher on the DBA
plates (4.21% £0.49) than on the GN (2.03% +0.59.@5) and LN plates (0.75% +0.43, p<0.01),

but not significantly different from the numbera#lls on the PLL plates (2.08 +0.52) (Fidp) 3Cells
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that adhered to the DBA and ECM plate were detebte@ germ-cell marker (DBA) and a
Sertoli-cell marker (VIMENTIN) (Fig. 8). Gonocytes were stained only with DBA and Hoechst
33342. Cells that adhered to the DBA plate alsaresged UCHL1 and had a large nucleus
stained with Hoechst 33342. However, VIMENTIN-post cells were not stained with DBA

and had a small nucleus.

Colony formation on the DBA and ECM plates

Freshly collected cellerere cultured on plates coated with DBA and diffiérECMs
for 5 days (Fig. 4 andb) and the numbers of colonies were estimated. Timeber of colonies
on the DBA (15.8 +1.5) and the PLL plates (14.04}4were significantly greater than the
number of colonies on the GN (6.0 £0.4) and thepflates (2.0 £0.4) (Fig 4b). However, these
colonies gradually disappeared on most plates dr@udays of culture.

After 12 hr of positive selection of attached teslar cells followed by 5 days
culture, colonies were observed on the DBA, GN Bhd plates, but not on the LN
plates (Fig. 8). Interestingly, more colonies formed on the DBA eldtan on the ECM
plates (Fig. 4 andd). The average number of colonies on the DBA pl4fE26.5 £7.5)was

significantly higher than the numbers of coloniestbe GN, LN and PLL plates (72.5 +0.5,
p<0.05; 0, p<0.001; 33 £13.0, p<0.01, respectivdlllg. 4). On the other hand, the

proliferation of somatic cells was effectively supgsed on the DBA plate, but not on the ECM

plates (Fig. 4). When isolated gonocytes were pretreated withg88l" DBA and then

cultured on the DBA plates (D30_DBA) and GN plai®80_GN), the average number
of colonies were significantly decreased in bot @N (11.0 £1.0, p<0.001) and DBA
(30.0 2.0, p<0.001) plates (Figc4andd). Additionally, the growth of somatic cells on
the DBA was strongly suppressed on the DBA pldiaswas not on the GN plates (Fig.
4c). These results show that GalNAc residues on tmase of gonocytes were

associated with cell adhesion and colony formatibgonocytes on the DBA plates.
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Characterization of gonocytes on the DBA plate.

Three-dimensional colonies on the ECM matrices wioeble stained with anti-UCHL1 and
anti-VIMENTIN. Most of the colonies on the DBA, Gahd PLL plates were positive for UCHL1,
and some of the cells in the colonies were paytiadisitive to anti VIMENTIN (Fig. 5a). On the LN
plate, few of the colonies were UCHL1-positive, while most the colonies were
VIMENTIN-positive (Fig. 5a).

To estimate the stem-cell characteristics of gotescgn the DBA plate, colonies that formed at
5 days of culture were double stained with gernh-orkers (DBA and UCHL1) and stem-cell
markers (NANOG and POUS5F1). Most of the coloniesengtrongly positive for DBA staining and
were co-localized with UCHL1, and also were positisr NANOG and POU5SF1 with DBA staining

(Fig. 5B).

RT-PCR analysis

Testes tissues and cultured cells were subjectedri-quantitative RT-PCR analysis to identify
stem cell-specific transcripts suchM&NOG, POU5F1, SOX2, C-MYC andREX1 (Fig. 6A and B). In
the testis section, most of the transcripts with txception ofC-MYC were detected and the
expression level dNANOG was strongly detected compared to other transcripanscripts of these
genes were also detected in cultured cells, buekpeession patterns of transcripts were markedly
different on the different ECM matrices and DBB:MYC transcripts were more abundant in
most of the cultured cells than in freshly collecteesticular cells, while buNANOG
transcripts were less abundant in the cultured.cethong the different ECM matrices and DBA,
the expression levels 8HOU5F1 andUCHL1 were markedly increased on the DBA plate, 80X,
C-MYC andREX transcripts on the DBA plate were considerablyregulated compared to the other
plates, but the expression level MMNOG was relatively low. On other hand, on the LN plate
expressions oNANOG and C-MYC transcripts were weak, while the expression®©OU5F1 and

S0OX2 transcripts were not be detected.
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320  Discussion

321 One of the unique biological features of gonocyiegheir adhesion to the basement
322 membrane of the seminiferous tubule. This studgstigated the effects of ECMs and DBA on
323  the adhesion and growth of gonocytes and on thein sell characteristics in culture.

324 Germ cells usually require feeder cells for theirvasal, proliferation and maintenance in
325 cultures (Naganet al. 2003). However, it was later revealed that feamdlis are not essential
326  because they can be replaced with ECM moleculels asdaminin (Kanatsu-Shinohagtaal.

327  2005). The present study indicated that ECM moksculere not effective at enriching or
328  purifying gonocytes from the prepubertal testigg(R). In addition, ES-like colony formation
329  from gonocytes was not stimulated by the ECM mdks;ibut was stimulated by the presence of
330 DBA after DBA-positive-cell selection (Fig. 4). ECMolecules have been used as a component
331  of the culture medium for various types of cellseTrequirement of ECM on cell survival and
332 growth varies depending on cell types; for instat@sinin is suitable for the culture of post-
333  migratory primordial germ cells (PGCs) (Garcia-Castt al. 1997), gelatin is suitable for
334 muscle cells and endothelial cells (Richler andfeydf70; Folkmaret al. 1979) and poly-L-
335 lysine is suitable for neuronal cells (Yavin and/ivie1980). In the present experiment, testicular
336  cell cultures after positive cell selection resdlie different cell populations on each ECM plate
337  (Fig. 4C). For example, cells grown on the DBA efamainly consisted of gonocytes with ES-
338  cell like morphology, and cells grown on the LNtpmainly consisted of VIMENTIN-positive
339  and epithelial-type cells, indicating that they &extoli cells (Herricet al. 2007). Therefore, the
340  cell type-specific growth pattern of testicularlséhcluding gonocytes may be affected by ECM
341  molecules or DBA, which are closely associated whth cell surface molecules, suggesting that
342 ligands for the cell surface molecules are esdeatimponents for cell adhesion and regulate
343  physiological features of gonocytes in culture.

344 DBA, which recognizes- andp-linked GalNAc residues (Kamaatal. 1991; Klischet al.

345  2008), has been used to detect gonocytes and 3SHesrniestic species such as pig (Catedl.
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2007) and cattle (Ertl and Wrobel 1992; Izadglal. 2002; Herridet al. 2007). DBA has also been
used to enrich germ cells by magnetic-activatetlsmeting (MACS) (Herridet al. 2009), indicating
that it can be a ligand for the surface glycanaggis of germ cells. The specific affinity of the
terminal GalNAc residues for their ligands may Issagiated with the cell surface interaction of
gonocytes. Similarly, a terminal carbohydrate, sashmannose (Huang and Stanley 2010) fnd
acetylglucosamine (GIcNAc) (Akamaet al. 2002), may be involved in the interaction betwgerm
cells and Sertoli cells, indicating that the birgdof germ cells to Sertoli cells depends on theieal
carbohydrate. Although these reports suggest ¢énatimal carbohydrates on the surface of germ cells
are associated with the cell adhesion, there isvidence that terminal GalNAc residues are involved
in the adhesion activity in the testis. At the Immjig of this study, we hypothesized that GalNAc
residues on the surface of gonocytes in the botgses that are specifically recognized by DBA
affect cell survival and expansion vitro. Our finding that the number of adhered gonocytas
significantly higher on the DBA-coated plate thantbe ECM-coated plates (Fig. 3b), indicates that
DBA can support the cell adhesion associated véthstrvival and cell growth in cultured gonocytes.
The results shown in Fig. 4 indicate that the DByated plates support the binding of gonocytes
to the plates and result in the increased numbesotdnies. GalNAc residues on the surface of
gonocytes are a part of Sda-glycotopes on glycepret which are associated with cell surface
interactions (Klischet al. 2011). The surface interaction of terminal glycgpitopes such abl-
acetylglucosamine (GIcNAc)-terminated N-linked glycans, which arendmned with proteins or
lipids, was found to affect the adhesion and d#iftiation of gonocytes on Sertoli cells in mouse
(Akama et al. 2002). Similarly, O-linked glycoprimte on mouse ES cells, which also have GalNAc
residues and are recognized by DBA, are associaithdthe transition of the cells to a pluripotent

state (Nashet al. 2007). The finding that masking of the terminal GalNAc idees of
gonocytes by DBA pretreatment suppressed colonydtion on both GN and DBA plates
(Fig. 4c and d) indicates that the proliferationl achesion of gonocytes can be stimulated by
terminal GalNAc residuesSince structural changes of glycoproteins onlasteface can affect

cell-cell interactions and signal transduction (Dieet al. 2009; Varki and Lowe 2009), the formation



373 of a GalNAc-DBA complex on gonocytes may affectl growth, cell survival and colony
374  formation in culture. On the other hand, the pesltion of somatic cells on the DBA plates was
375  suppressed (Fig. 4¢), and this may provide a deitandition for efficient colony formation.

376 The ability to maintain germ cells in culture degemn the presence of supporting cells that
377  are associated with reconstruction of the nichegasitvironment (Wet al. 2011). Sertoli cells
378 are key somatic cells that secrete growth factsush as glial cell line-derived neurotrophic
379 factor (GDNF) and basic fibroblast growth factoF@F), which are critical factors for the self-
380 renewal and colony formation of germ cells in mistenget al. 2000; Kuboteet al. 2004). The
381  presence of Sertoli cells in cultures is knownrmpiiove the growth of germ cells (Korgi al.

382  2009; Mohamadet al. 2011). However, the flat cells surrounding theoo@s of gonocytes in
383  this experiment were mainly Sertoli cells on the pldte that did not support colony formation
384  (Fig. 4), while the DBA plates that suppressed ghewth of somatic cells supported colony
385 formation (Fig. 4). The absence of colonies onltheplates was considered to be due to the
386  extensive growth of testicular somatic cells thahibited the proliferation of germ cells
387 (Kanatsu-Shinoharet al. 2005). The higher number of colonies on the DBAgdahan on the
388 ECM plates (Fig. 3) suggests that a proper stinarabf somatic cells including Leydig cells,
389  Sertoli cells and endothelial cells, which are seey for survival and proliferation of germ
390 cells (Apontest al. 2008), supports colony formation of gonocytesten@DBA plates.

391 Colonies of bovine gonocytes have stem cell p@kras identified by the expression of
392  stem cell-specific gene®SNANOG andPOU5F1) (Fujiharaet al. 2011).The colony formation of
393 testicular cells in culture depends on the presehgerm cell populations (Apont al. 2008),
394  and these cell populations were strongly associattdthe expression of NANOG and POU5F1
395 (Fig. S). Transcripts of other pluripotency-related gerseeh asSOX2 and REX1 were
396  expressed in 3 month-old bovine testis (Fi@).6The expression patterns of these genes
397 depended on the culture plates, indicating thaesidh molecules on the plates were associated
398  with the characteristics, including stem cell patof germ cells in culture. The expression of

399  most of the pluripotency-related gen®@OU5F1, SOX2, REX1 and CMYC, but not NANOG)
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was considerably increased on the DBA plates. kpeession of these genes may be required for the
survival and proliferation of gonocytes. In pig, -tggulation of pluripotency-related gene in
gonocytes in primary culture was shown to stimuthte proliferation and stem cell potential of the
gonocytes (Goeét al. 2009). Gonocytes have been considered to be irtctically quiescent state
and their proliferation could be initiated by ailtgy their characteristic in culture (Kanatsu-Shiaigh

et al. 2005). The finding that the expression of germ-oerkerUCHL1 was markedly increased on
the DBA plates indicates that the germ cells weméched on the DBA plates. These results suggest
that a culture system using the DBA-coated platasbibvine gonocytes can provide a suitable

microenvironment for supporting the proliferatiamdasurvival of germ cells.
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Figure Legends

Figure 1. Characterization of bovine germ cells in the teati 3 months of agea-¢) Germ cells in
the testis stained with germ-cell markers (DBA &i€HL1). Dashed lines show the basement of the
seminiferous tubules in the testis sectior®. $ome of the DBA signals were observed on the
gonocytes. Iy The same sample stained with Hoechst 33392UCHL1 expression was strongly
detected in the cytoplasm and nucleus of gonocitied.he same sample stained with Hoechst 33342.
(e-g) Co-immunolocalization of specific markers for gecells (DBA and UCHL1) in the bovine
testis. &f) UCHL1 expression was observed in most of the DigAitive cells (green yellows), but
was observed in only some of the DBA-negative cgillkite arrows). These images were merged
after double-immunostainingg). (h-j) Double-immunostaining of DBA and POU5F-if The
expression of POU5F1 was detected on the nuclegemdcytes in most of the DBA-positive cells
(green arrows). A few POUS5F1-positive cells weragyaiwve for DBA (white arrows). Merged

POUSF1-staining imageg)( (k-m) Double-immunostaining of DBA and NANOGKk-{() NANOG
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expression was strongly detected on the nuclegemwn cells, some of which were partially positive
for the DBA signal (green arrows). The expressibhlANOG was observed in some DBA-negative
cells (white arrows). DBA signals were detectecséime NANOG-negative cells (red arrows). The
image of NANOG-staining was merged with the DBAustag image after double-immunostaining

(m). Bar = 2Qm.

Figure 2. Cultivation of bovine gonocytem vitro. A) Gonocytes from the bovine testis were
collected by three-step enzymatic digestions anekwealtured on gelatin-coated dishes. Freshly
collected testicular cells contained gonocytes éedws) and testicular somatic cells (black arpows
(b) Gonocytes with a larger diameter formed cell gsnfred arrows) 1 day after culture, whereas
somatic cells (asterisk in the white dashed cirdid) not form clumps in 1 day cultures) (These
clumps formed mouse embryonic stem (ES) cell-libbomies at 3-4 daysd] and were enlarged
during 6-7 days of the culture perio& gdnd g) ES cell-like colonies expressed germ cell markers

(DBA (e) and DDX4 §)), pluripotency markers (POUS5Ff) and NANOG f)). Bar = 5Qm

Figure 3. Binding affinity of gonocytes to different ECM mponents and DBA. Freshly collected
cells were seeded on culture dishes previouslyedoatth different ECM components and DBA, and
were incubated for 4 hr. Attached cells on the efistvere stained with antibodies raised against a
germ-cell marker (UCHL1) and a Sertoli-cell markgtiM: VIMENTIN). (a) Numbers of cells
positive for VIM (n=4) and UCHL1 (n=4) were counteshd were analyzed using graph-based
visualization (meant SEM). Neg. (yellow bars) indicates somatic cellshaut staining signalsby
Proportion of UCHL1-positive germ cells after cuéon ECM- (n=4) and DBA-coated (n=5) plates
(mean £ SEM). () Cells were double stained to identify gonocyteuced on ECM- and DBA-
coated plates at 4 hr after plating. Attached oslige stained with a germ-cell marker (DBA) and a
Sertoli cell marker (VIM) on cover-glasses coatéthuBA (a"), gelatin (GN) (b"), laminin (LN) (c")
and poly-L-Lysine (PLL) (d"). On the DBA-coated gtaplate, germ cells were stained only with

UCHL1 and overlaid with a Hoechst 33342-stainedgenée” and f', red arrows), and somatic cells
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were stained only with VIM (e” and f*, white arrowkl: Hoechst 33342. Bar = 50

*P < 0.05, *P < 0.0vs. DBA, 11P < 0.0ds. PLL, ANOVA and Tukey’'spost-hoc test, respectively.

Figure 4. Colony formation of gonocytes cultured on differ&CM and DBA platesa(andb) and
after € andd) positive germ cell selectiona)(Freshly collected testicular cells were cultufed5
days on ECM (gelatin, GN; laminin, LN; and polyysine, PLL) and DBA platesb) Estimated
numbers of colonies on ECM (GN, LN and PLL) and Dlates (n= 4; meant SEM). The DBA
and PLL plates had significantly more colonies thHaother ECM plate@N and LN). Bar

= 5Qum. (c) Freshly collected gonocytes were divided into tgroups; one for DBA-nontreated
group, in which gonocytes were simply cultured oBADor ECM plates, and another for DBA-
pretreated group, in which gonocytes were pretceati¢h DBA (3Qug/ml”) and then cultured on
DBA (D30_DBA) or GN (D30_GN) plate. The growth gatis of gonocytes on the ECM and DBA
plates were differentdf Estimated numbers of colonies on the ECM and DBAgd after 5
days of culturgn= 4; mean+ SEM). The DBA plates had significantly more colantban the
GN the PLL and LN plates. Colony formation of goytes was significantly decreased after pre-

treatment with DBA (30g/ml) on both the GN plates (DBA30_GN) and DBA (DBA3BA)

plates. Bar = 5@n.

**P < 0.01, ***P < 0.001vs. DBA, tP < 0.05, TTP < 0.0ds. PLL, ##P < 0.01 vs. GN, ANOVA and

Tukey’s post-hoc test, respectively.

Figure 5. Immunocytochemical characterization of ES célicolonies in primary culturea)

Colonies that appeared on the ECM and DBA plata® wkined with a germ-cell marker (UCHL1)
and Sertoli cell marker (VIM: VIMENTIN). Coloniesnathe DBA, GN and PLL plates were positive
for UCHL1 and some of the colonies expressed VIMBEYNOnN the LN plate, the UCHL1 signal was

weak and the VIMENTIN signal was strongb) (Double immunocytochemical staining was

performed to identify the stem-cell potential oflaoes. DBA-positive colonies were positive for
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UCHL1 and were also positive for stem-cell mark@P©OUSF1 and NANOG). All images were
merged with the image of Hoechst 33342-staining.. @&atin; LN: laminin; PLL: poly-I-lysine;

VIM: VIMENTIN. Bar = 20zm.

Figure 6. RT-PCR analysis of pluripotency-related genes imgeells cultured on the ECM and DBA
plates. § PCR products on an agarose gel stained withiathitromide-staining(b-g) Estimates
of numbers of transcripts of a germ cell-specifeng UCHLL k) and pluripotency-related
genesPOUSF1 (c), C-MYC (d), SOX2 €), REX1 ) and NANOG §). The DBA plate had
significantly moreUCHL1 and POU5F1 transcripts than the ECM matrix platés.addition,

C-MYC, SOX2 and REX1 transcripts were high among the ECM plates. Th®YC gene was
strongly expressed on the GN and DBA plates, bt net detected in 3-month old testis. Transcript
levels were normalized to the abundancg-@CTIN (BACT)transcripts. GN: gelatin; LN: laminin;

PLL: poly-Il-lysine.

Table 1. RT-PCR primer sequences used in this study

Product Size GenBank
Gene Primer Sequence (5-3")
(bp) Accession no.

POUSF1 F GGTTCTCTTTGGAAAGGTGTTC
314 NM_174580.2
R ACACTCGGACCACGTCTTTC

NANOG F GACACCCTCGACACGGACACT
153 NM_001025344.1
R CTTGACCGGGACCGTCTCTT

X2 F GTTTGCAAAAGGGGGAAAGT
200 NM_001105463.1
R GAGGCAAACTGGAATCAGGA

REX1 F GCAGAATGTGGGAAAGCCT
209 XM_003584155.1
R GACTGAATAAACTTCTTGC

UCHL1 F ACCCCGAGATGCTGAACAAAG 236 NM_001046172.1
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C-MYC

BACT

CCCAATGGTCTGCTTCATGAA

AGAGGGCTAAGTTGGACAGTG
346
CAAGAGTTCCGTATCTGTTCAAG
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Figure 6
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Germ cell cultures for 4 days
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