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Abstract — Initial studies to establish an in vitro system allowing survival and multiplication of
porcine spermatogonia are described. Purified spermatogonia from 3-week-old pigs were cultured for
9 days alone or in the presence of Sertoli cells in either control medium or in medium supplemented
with 5% fetal calf serum (FCS). Under either condition the number and the viability of the cells
decreased with time, but both parameters were positively influenced by the presence of FCS. How-
ever, very few, if any, spermatogonia were able to take up BrdU under either condition. In another
series of experiments, small fragments of seminiferous tubules from 3-week-old pigs were cultured
in the presence of FCS, or seeded on an extracellular matrix. Under these conditions the number of
cells decreased between day 0 and day 2 or day 5, then it remained roughly constant until the end of
the culture. The number of spermatogonia decreased 2.5 fold during the two-week culture period. Sper-
matogonia were able to incorporate BrdU until the end of the experiment. The number of BrdU-
labeled spermatogonia was higher when tubule-segments were seeded on an extracellular matrix.
Then, the effects of the association of FCS and extracellular matrix were tested. The number of sper-
matogonia, during the whole culture period, was higher in serum-containing cultures than in serum-
free cultures. As for the number of spermatogonia able to incorporate BrdU at different days, is
decreased 3 fold between day 2 and 14 irrespective of the culture conditions. By contrast, the num-
ber of spermatogonia, labeled with BrdU between day 1 and 2, measured on days 5 to 14 of cul-
ture, was higher in serum-containing cultures. Finally, the number of spermatogonia labeled between
day 1 and 2 was higher from day 5 onward than the number of spermatogonia able to take up BrdU
between days 4 and 13. Taken together, these results indicate that intercellular communication and
extracellular matrix are important for spermatogonia multiplication and that FCS promotes the sur-
vival of spermatogonia under in vitro conditions.
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Résumé— Culture des spermatogonies porcines : effets de la purification des cellules
germinales, d'une matrice extracellulaire et du sérum de veau fecetal sur leur survie et leur
multiplication. Cet article présente les premiéeres études réalisées pour mettre en place un systeme
de culture permettant la survie et la multiplication des spermatogonies de porc. Des spermatogo-
nies purifiées, issues de porcelets agés de 3 semaines ont été cultivées pendant 9 jours, soit seules, soit
en présence de cellules de Sertoli, dans un milieu chimiquement défini, additionné ou non de 5 % de
sérum de veau feetal (SVF). Dans ces deux conditions, le nombre et la viabilité des cellules diminuent
au cours de la culture, mais ces deux parameétres sont positivement influencés par la présence de
SVF ; par contre, aucune spermatogonie n’est capable d'incorporer du BrdU. Dans une autre série
d’expériences, de petits fragments de tubes séminiferes de porcelets de 3 semaines ont été cultivés en
présence de SVF ou sur une matrice extracellulaire. Le nombre de cellules décroit entre les jours 0
et 2 ou 5 puis reste constant jusqu’a la fin de I'expérience. Le nombre de spermatogonies diminue
2,5 fois au cours des deux semaines de culture quelles que soient les conditions de celle-ci. Par
contre des spermatogonies sont, dans ces conditions, capables d'incorporer du BrdU a tous les jours
de la culture ; le nombre de celles-ci est plus grand lorsque la culture est réalisée sur une matrice extra-
cellulaire. Les effets de I'association d’une matrice et du SVF ont alors été recherchés. Tout au long
de la culture, le nombre de spermatogonies est plus élevé en présence de sérum ; quant au nombre de
spermatogonies capables d’'incorporer du BrdU, il diminue de 3 fois entre les jours 2 et 14, que le milieu
contienne du SVF ou non. Par contre, le nombre de spermatogonies ayant incorporé du BrdU entre
les jours 1 et 2, mesuré aux jours 5 a 14 de la culture est plus élevé en présence qu’en absence de sérum.
Enfin, le nombre de spermatogonies marquées entre les jours 1 et 2, mesuré a partir du jour 5, est plus
élevé que celui des spermatogonies capables d’incorporer le BrdU aux jours 4 a 13 de la culture.
Ces résultats indiquent que des contacts intercellulaires étroits et qu'une matrice extracellulaire sont
des paramétres importants pour la multiplication des spermatogonies, et que le SVF permet une
meilleure survie des spermatogonies en culture.

spermatogenése / souches / in vitro

1. INTRODUCTION degeneration of spermatogonia in mammals
[9]. Many growth factors: transforming

Spermatogenesis starts with the prolifergrowth factorp, inhibins, activins, follis-
ation of spermatogonia. This step takes plactatin, IGFs, and cytokines: IL1, IL6, TNF
in the basal tubular compartment. The numStem cell factor (for a review see [20] and
ber of spermatogonial generations betweereferences therein) are produced by the Ser-
stem spermatogonia and preleptotene spetoli cells. However, for most of these fac-
matocytes determines the yield of spermators, their function in spermatogenesis
tozoa, it varies among species. In the raremains unknown. Therefore, an in vitro
the differentiating spermatogonia includemodel system would be useful in order to
six generations of proliferating cells. Henceinvestigate their potential role in mitosis,
theoretically 1 024 primary spermatocytessurvival and differentiation of spermatogo-
can be formed from a single stem cell [25] nia. Moreover, the culture, the multiplication
However, fewer are produced because cand the transfection of spermatogonia, then
cell loss which has been calculated to resuthe differentiation of these cells into sper-
in a deficiency of between 25 and 75% irmatozoa, or even round spermatids, either in
potential sperm production [7, 13, 14, 22]. Invivo [1, 3] or in vitro [15, 31] might lead to
bovine, Kramer et al. [16] have describecnew approaches for the production of trans-
five peaks of spermatogonial mitoses yieldgenic animals.
ing 8.3—17.8 primary spermatocytes arising
from one stem cell. However, little is known  The use of pig organs for transplantation to
about the regulation of proliferation and/orhuman is becoming increasingly necessary.
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However, pigs organs must be geneticallfPercoll (Pharmacia Biotech, Les Ulis,
modified in order to prevent (or delay) theirFrance) in HAM/F10 medium (Life Tech-
rejection. For instance, it has been shownologies, Cergy-Pontoise, France) supple-
that the organs from pigs expressing humamented with 15 mM Hepes, NaHGO
DAF or CD59 genes are rejected morg1.2 gL}, BSA (6 mgmL™1) and DNAse
slowly than those from control animals [6]. (45 ug-mL™Y), pH 7.4 was prepared. A dis-
In the present report, we describe initia€ontinuous density gradient was made by
studies to set up an in vitro system a||0W_d|_lut|ng the iso-osmotic Percoll solution
ing survival and multiplication of porcine with Hepes-buffered HA_'\l/l/Flo supple-
spermatogonia; the results show the imporlented with BSA (7 mgiL™) and DNAse

_1 .
tance of fetal calf serum and extracellulaf®OHg'ML™). The gradient was formed by
matrix, respectively, in these processes. two fractions with 20 and 40% Percoll. The

cell suspension was applied on the top of
the gradient, and spun at 1 25@ for

2 MATERIALS AND METHODS 25 min at 4 °C. Cells found at the interface

of the two fractions were collected, spun
2.1. Isolation and purification down by low-speed centrifugation and then
of spermatogonia resuspended in Hepes-buffered DMEM/F12

medium. The enriched spermatogonial frac-

Testes from 3-week-old Meishan pigstion was then subjected to differential plat-
were used in these experiments. Pigs weilggd to eliminate contaminating somatic cells.
anesthetized by electronarcosis then bled.he cells were incubated in DMEM/F12
Testes were quickly excised, decapsulatedhedium containing 10% fetal calf serum
minced into small pieces; then they werdor 12 h at 33 °C. Sertoli and myoid cells
incubated in DMEM/F12 (1:1) medium attached to the culture plates. The sper-
pH 7.4 containing 0.75 mygLcollagenase Matogonia cells, which remained in sus-
(Serva; Biowhittaker, Fontenay-sous-Boispension, were collected and washed in
France), 0.01 mgL~! DNAse, 1ug-mL-t DMEM/FlZ befo_re seeding (day O of exper-
soybean trypsin inhibitor (both from Sigma,iment). The purity of the cell preparation
La Verpilliere, France), 15 mM Hepes, Was determined using vimentin immunos-
1.2 gL~1 NaHCGQ, and antibiotics, for 1 h taining (see below).
at 33 °C in a shaking water bath. After
3 washes in DMEM/F12 medium, seminif- B )
erous cord fragments were incubated 2.2. Culture of purified spermatogonia
in DMEM/F12 medium containing
0.5 mgmL-t trypsin (Sigma) for 5 minin  Cell populations enriched in spermato-
the conditions described above. At the engonia were placed in 2 &plastic wells at
of the digestion period, 0.1 nmgL-1soy- a density of 2 10° cellscnT?. Cells were
bean trypsin inhibitor and 0.2 nigL~!  then cultured in A medium: Hepes-buffered
DNAse were added. The dispersed cellDMEM/F12 (1/1) medium (pH 7.4), sup-
were washed once with medium and filtereghlemented with insulin (10g-mLY), trans-
through a 2Qum nylon mesh (Alias Tech- ferrin (10 ug-mL™1), vitamin C (104 M),
nologie, La Ravoire, France). In some expetvitamin E (10pug-mL-1), testosterone
iments, aggregated Sertoli cells retained o(.0~’ M), retinoic acid (3.3x 10~" M),
the filter were collected and used for cocultetinol (3.3x 10-7 M), pyruvate (1mM) (all
ture of spermatogonia and Sertoli cells (seproducts from Sigma), and ovine NIH FSH-20
below). The dissociated cells were then sed ngmL-1) obtained through NIADDK (lot
arated on a discontinuous density gradienh® AFP-7028D) [15] in the absence or pres-
An iso-osmotic solution containing 90% ence of 5% fetal calf serum. Incubation was
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carried out at 33 °C in a water-saturatedlay. At selected days of culture, cells were
atmosphere of 95% air: 5% GOThe detached from culture dishes by trypsiniza-
medium was changed every other day withion. An aliquot of the cell suspension was
great care, in order to not detach poorlysed to determine the number of cells and to
adherent cells. At selected days of cultureassess cell viability by trypan blue exclu-
spermatogonia were detached from cultursion. Another aliquot was fixed by ice-cold
dishes with a solution of 1 mM EDTA in 70% ethanol for determination of the pro-
PBS. An aliquot of the cell suspension wagportion of spermatogonia by vimentin
used to determine the number of cells and timmunostaining (see below).

assess cell viability by trypan blue exclu-

sion (final concentration 0.02%, 5 min).

Another aliquot was fixed with ice cold 70% 2 4. Preparation and culture

ethanol for determination of the purity of  of tubule fragments

spermatogonia by vimentin immunostain-

ing (see below).
9( ) Testes of 3-week-old Meishan pigs were

also used in these experiments. Testes were
2.3. Coculture of spermatogonia excised, decapsulated, and minced into small
and Sertoli cells pieces (diameter about 10én) ; then they
were suspended in Hepes-buffered
TR-M cells, a myoid cell line (a generousDME'W'Zlglmed'um (pH 7.4) contalr_ulng
gift of Dr J.P. Mather [18]), were used for -8 mgmL co_lllagenase, 0.01 myL™
the preparation of an extracellular matrix DNASe, 1ug-mL™"soybean trypsin inhibitor
These cells were seeded in bicameraind antibiotics, for 1 h at 33 °C in a shaking
chambers (Falcon, Becton-DickinsonWwater bath. The_minced pieces of testis were
Europe, Meylan, France) at a density ofllowed to sediment for 10-15 min, and
2 x 10 cellscmr2 and cultured in Hepes- Fubule fragments were collected, then cut
buffered DMEM/F12 supplemented with into small pieces with two lancets. These
penicillin-streptomycin 10 000 IhL-1 tubular fragments were washed and then
(Gibco-BRL, Life Technologies), nystatin 9€ntly resuspended in culture medium.
10 000 IUmL1 (Sigma) and 5% fetal calf
serum until confluence. Cells were then:->
removed by treatment with 0.02 M yé@H
for 5-15 min followed by3 to 5 washes with

PBS. The extracellular matrix was then
. o : 5% fetal calf serum. After 2 days of culture,

stored in PBS at 4 °C until used. media in apical and basal compartments

The fraction of aggregated Sertoli cellswere replaced; then only the medium in the
obtained at the time of spermatogonia prepdasal compartment was changed every other
ration (see above) was washed. The cellday. At selected days of culture, cells were
were seeded on the extracellular matrix at detached from culture dishes by trypsiniza-
density of 3x 10° cellscnT2in medium A tion (trypsin 0.05%, EDTA 0.02%, Gibco-
(see above) supplemented with 0.2 % fetdBRL, Life Technologies) 10 min. An aliquot
calf serum; 12 h later, the purified sper-of the cell suspension was used to deter-
matogonia were seeded{3(® cellscnt®  mine the number of cells and to assess cell
on the Sertoli cell layer. After 2 days of cul-viability by trypan blue exclusion. Another
ture, media in apical and basal compartaliquot was fixed by ice-cold 70% ethanol
ments were replaced by A medium withoutfor determination of the proportion of sper-
fetal calf serum, then the medium in thematogonia by vimentin immunostaining (see
basal compartment was changed every othéelow).

Cell samples were seeded at about
x 10° cellscnm2 in bicameral chambers
coated or not with an extracellular matrix
(see above) in medium A without or with
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2.5. Incorporation of BrdU dine antiserum (Dako) at 1:500 dilution in a
humid chamber at 4 °C overnight. After

At selected days of culture, M  Washes, the staining reaction was performed
5_br0m0_2’_de0xyuridine (BrdU, S|gma) W|th S_tl’eptaVIdIn—blOtIny|ated horserad|sh
was added to the apical medium. After 24 peroxidase and Vector-VIP (Valbiotech,
of incubation, the apical and basal medidaris, France) as chromogen. Slides were
were replaced. The BrdU-labeled cells werélehydrated and mounted.
then revealed by immunostaining (see Cultured cells were fixed directly in
below). bicameral chambers with Bouin’s fixative
for 20 min at room temperature. After
5 washes with PBS, the 2 immunocyto-
chemical reactions were successively per-
formed as above and nuclei were counter-

Cell suspensions fixed by ice-cold 70% tained with Harris hematoxylin. The bottom

ethanol for at least 24 h were cytospun o X .
3-aminopropyltriethoxysilane pretreatedr%fr;?g(;nsﬁgtr\;]vgar?tlg dOﬁ with & scalpel, dehy-

slides (5x 10 cells per slide) and rehy-
drated in PBS. Two immunocytochemical
reactions were successively performed. 2.7. ldentification of germ cells

1. To discriminate between somatic cells Testes of 3-week-old Meishan pias wer
and germ cells, immunocytochemical reac;. ' St€S O >-Week-0ld VI€IShan pigs were

tion against vimentin (solely expressed by *€d in Bouin's fluid for 1224 h and then
somatic cells) was performed as follows:emb_edded in paraffin. Five micrometer thin
the cells were permeabilized with Triton SECioNs were deparaffinized and rehydrated,
X-100 0.5% in PBS for 5 min. Then thethen incubated with a monoclonal mouse

cells were incubated with 3% hydroXide_amti-vimentin antibody as above. The stain-

peroxide for 5 min, in a humidified chamber'n9 reaction was performed with AEC as

at room temperature, rinsed with PBS, theifhromogen and nuclei were counterstained

incubated for 10 min with a mouse mono-With Mayer’s hematoxylin. Spermatogonia

; . ized by their absence of labeling
clonal antibody (clone v9), which recog- V&€ recognized by their. !
nizes vimentin filaments (at 1:1000 dilution Y the anti-vimentin antibody and by their
in antibody diluent). After washing with large spherical nucleus containing a flnely
PBS, the cells were incubated with a secdranular and weakly stained chromatin.

ond biotinylated antibody (multilink-biotin At selected days of culture, identifica-
anti Goat, Mouse and Rabbit antibody) fortion of germ cells was performed directly
10 min (at 1:150 dilution in antibody dilu- in the bicameral chamber as above. At the
ent). The cells were washed for 10 min inend of cultures, some preleptotene sperma-
PBS. The staining reaction was performedocytes could be occasionally identified by
with streptavidin-biotinylated horseradishtheir nucleus which was smaller and more
peroxidase (StrapABC Complex/HRP) andstained than that of spermatogonia. How-
diaminobenzidine (DAB) or 3-amino-9- ever, less than one cell of this type per
ethylcarbazole (AEC) as chromogen (all800 germ cells was observed. Hence, all the
products from Dako, Trappes, France). germ cells present in the cultures were con-
sidered as spermatogonia.

2.6. Immunocytochemical studies

2. A similar protocol was performed for
revelation of BrdU, but denaturation of
DNA was required. Cells were incubated 2.8. Quantification of total
for 5 min with 0.07 N NaOH diluted in alco-  and BrdU-labeled spermatogonia
hol:water (v:v); then they were dipped in
PBS for 10 min. Cells were incubated with Immunostained cells were examined
a monoclonal mouse anti-bromodeoxyuri-under light microscopy with an Axioscope
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microscope (Carl Zeiss, Oberkochen, Gervimentin antibody. Only spermatogonia
many). Two measures were performed: firstywere observed; they were most often local-
the percentage of spermatogonia in the culzed near the basement membrane of the
tures was determined (at least 500 cells wettetbules (Fig 1). Therefore, in the first series
counted, in duplicate samples); second, thef experiments, spermatogonia were puri-
percentage of BrdU-labeled spermatogonified from 3-week-old pigs (Fig. 2), then they
(vs. the total number of spermatogonia) wawere cultured for 9 days in either control
determined (at least 300 spermatogonia wer@edium or in medium supplemented with
counted, in duplicate samples). The num5% fetal calf serum. At selected days of cul-
ber of total spermatogonia was obtained bjure, the number and the viability of cells
multiplying the percentage of spermatogoWwere determined together with the propor-
nia by the total number of cells (at least twdions of spermatogonia in the culture
measurements of the total number of cell§Tab. 1). Under both conditions, the num-
were performed, in duplicate samples) aber of cells decreaseq steadily with time. At
each day. The number of BrdU-labeled spertthe end of the experiment, the number of
matogonia was obtained by multiplying thecells maintained in the presence of serum,
percentage of BrdU-labeled spermatogoni#/hich represented 40% of the number of
by the total number of Spermatogonia. cells SGEdEd, was abput two-fold hlgher_than
that of cells cultured in serum-free medium.
Likewise, the viability of the cells was
always higher in the presence of serum than
in its absencep(< 0.01). The percentage of
spermatogonia remained roughly constant
throughout the experiment and was not
influenced by the presence of serum in the
culture medium. The small increase of this

3. RESULTS percentage between day 0 and day 2 most

probably was due to platting of some con-

In paraffin sections of testes from 3-week+aminating somatic cells which were not
old Meishan pigs, germ cells were identi-detached from the dishes by PBS-EDTA
fied by their negative reaction with the anti-(see Materials and Methods section).

2.9. Statistical analysis

Analysis of variance followed by the
Bonferroni/Dunn a posteriori test or PLSD
test of Fisher were used throughout.

Figure 1. Photomicro-

graph of a section from
the testis of a 3-week-old
Meishan pig. The section
was incubated with an
anti-vimentin antibody

and counterstained with
Mayer's hematoxylin.

S: Sertoli cell. G: sper-
matogonia. Magnifica-
tion: x 1 000*.

* This figure is available in colour at www.edpsciences.org
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.

Figure 2. Photomicro- 5
graph of cytospun .
freshly purified porcine
spermatogonia. The
cells were incubated
with an anti-vimentin
antibody and counter-
stained with Mayer’s
hematoxylin. Somatic
cells (arrow) are labeled
by the anti-vimentin
antibody. Magnifica-
tion: x 1 250*.

Table I. Changes in the cell number and viability and in the percentage of spermatogonia during cul-
ture of purified preparations of porcine spermatogonia in the absence or presence of 5% fetal calf serum
(FCS).

Days of . Medium A
culture Serum-free medium A supplemented with 5 % FCS
Viability Spermatogonia Viability Spermatogonia
Number of cells Number of cells

(% of total cells) (% of total cells)
Day 0 400 000 91 78 400 000 91 78
Day 2 174 000 78 88 243 000 86 93
Day 5 159 000 77 94 190 500 88 95
Day 7 147 000 76 89 175 500 87 90
Day 9 77 250 78 92 159 000 89 93

Results are the mean of duplicate determinations. Similar results were obtained in another experiment.

In order to determine whether spermatofrom the same animals. In order to help Ser-
gonia cultured under those conditions couldoli cells to plate, they were seeded on an
enter the S phase of the cell cycle, BrdUextracellular matrix prepared as described
was added to the medium on day 1, and thi@ the “Materials and Methods” section and
number of BrdU-labeled germinal cells wascultured either in the absence or presence
counted on day 2. Very few, if any (lessof 59 fetal calf serum. Under serum-free
than 1%), spermatogonia were labeled undefonditions, the number of total cells
either culture condition (data not shown). decreased during culture in such a way that

Hence, in the second series of experion day 9 only 37% of seeded cells were still
ments we looked for an effect of Sertoli cellspresent (Tab. I1). Likewise, the viability of
on the ability of spermatogonia to incorpo-the coculture and the percentage of sper-
rate BrdU. Therefore, purified spermatogoimatogonia decreased with time, thereby
nia were cultured on Sertoli cells isolatedindicating that both spermatogonia and

* This figure is available in colour at www.edpsciences.org
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Table 1l. Changes in the cell number and viability and in the percentage of spermatogonia during cocul-
ture of purified porcine spermatogonia with Sertoli cells in the absence or presence of 5% fetal calf
serum (FCS).

Days of Medium supplemented

culture Serum-free medium with 5 % FCS
Viability Spermatogonia Viability Spermatogonia
Number of cells Number of cells

(% of total cells) (% of total cells)
Day 0 300 000 91 39 300 000 91 39
Day 2 146 400 82 59 127 300 86 58
Day 5 128 400 72 36 117 600 71 33
Day 7 108 000 63 22 174 600 63 16
Day 9 111 600 55 24 174 000 60 16

Results are the mean of duplicate determinations. Similar results were obtained in another experiment.

Sertoli cells were lost during the experi-Sertoli cells (Fig. 3c). The number of cells
ment. Addition of fetal calf serum to the decreased quickly between day 0 and day 2
culture medium resulted in a number of totaln serum-containing medium or between
cells, at the end of the culture, which waglay 0 and day 5 in the absence of serum;
higher than under serum-free conditionsthen it remained roughly constant when cells
However, the number of spermatogonia wasvere maintained in serum-free medium, or
similar, during the whole culture period, even increased slightly up to day 14
under both conditions. Again, no BrdU- (p < 0.05) when cultures were performed in
labeled germinal cells could be observedhe presence of serum (Figs. 4a and 4b).
when BrdU was added to the cultureCell viability was similar under both con-
medium between day 1 and day 2 (data natitions, and ranged between 62 and 87% of
shown). total cells counted. Likewise, the number

. . . . of spermatogonia was never different irre-
Therefore, in a third series of experi-shactive of the conditions of culture; it

ments, we chose to seed small fragments @focreased roughly 2.5 fold during the

seminiferous tubules, in order to determinez-week-culture period(< 0.05) (Fig. 4c).
whether tight intercellular contacts are

important for spermatogonia survival and/or . SPermatogonia cultured under these con-
multiplication. ditions were able to incorporate BrdU

(added to the culture medium 24 h before

Tubule segments from 3-week-old pigsstopping the culture on days 2, 5, 7, 11 and
were either cultured in medium containingl4) until the end of the experiments (Figs. 3c
5% fetal calf serum or seeded on an extraand 5); however, the number of BrdU-
cellular matrix and cultured in serum-freelabeled spermatogonia decreased throughout
medium for 2 weeks. After seeding, cellsthe culture period under both conditions
migrated away from the tubule segmentgp < 0.01). Nevertheless, the number of
and spread out on the insert surface so thBrdU-labeled spermatogonia was signifi-
from day 2 or 3 of culture the shape of thecantly higher when tubule segments were
tubules was no longer observed (Figs. 3aeeded on an extracellular matpx(0.01);
and 3b). The germinal cells were then placethis resulted from differences on day 2 and
on the surface of the layer formed by theday 5 of culture (botp < 0.05).



Culture of porcine spermatogonia 313

Figure 3. Microscopic aspect of seminiferous tubular segmemtb)(and testicular cell<) from
3-week-old Meishan pigs in culture) (After seeding (day 0)b] After 5 days of culture] Cyto-
chemical and immunocytochemical analysis of germinal cells on day 11 of culture. The cells were incu-
bated with both anti-vimentin antibody (brown colour) and anti-BrdU antibody (violin colour) and
counterstained with Harris hematoxylin. G: spermatogonia. Magnification: a antDb;

¢ x 1 000*.

* This figure is available in colour at www.edpsciences.org
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Figure 4. Changes in the number of total and viable cells in cultures of seminiferous tubular segments
from 3-week-old Meishan pigsa) Total (1— —{1) and viable $— —®) cells were cultured in
serum-free medium on an extracellular matrd). Cells were cultured without cellular matrix in
medium containing 5% fetal calf serum (FC8).Number of spermatogonia in cultures performed

on extracellular matrix({l) or in the presence of 5% fetal calf serum (F@B) Results are the

mean + SEM of duplicate determinations in 4 different experiments.

Then, we tested the effects of the associvas higher in serum-containing cultures
ation of fetal calf serum and extracellularthan in serum-free culturep € 0.02); it
matrix. On day 14 of the experiments, thedecreased 2-foldo(< 0.05) between day 0
number of total cells was 66% and 82%and day 14 in cultures maintained in serum-
respectively, of that on day 0, for cells cul-free medium, but did not decrease signifi-
tured in the absence or presence of fetal catlantly > 0.05), throughout the experi-
serum; cell viability decreased from 87 tment, when serum was present (Fig. 6).
2% on day 0 to 64 + 5% and 68 + 7%Therefore, the uptake of BrdU by sper-
respectively on day 14. The number of spematogonia was investigated in two ways:
matogonia, during the whole culture period(i) BrdU was added to the culture medium
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Figure 5. Changes in the num-
ber of spermatogonia able to
take up BrdU in cultures of sem-
iniferous tubular segments from
3-week-old Meishan pigs. BrdU
(1 pM) was added to culture
media 24 h before stopping the
culture and the number of
BrdU-labeled spermatogonia
was determined as described ir
“Materials and Methods”. Cells
were cultured on an extracellu-
lar matrix in serum-free medium
() or without cellular matrix
in the presence of 5% fetal calf
serum (FCS)%). Results are
the mean + SEM of duplicate
determinations in 3 different
experiments.

Figure 6. Changes in the num-
ber of spermatogonia in cultures
of seminiferous tubular seg-
ments from 3-week-old Meis-
han pigs. Cells were cultured on
an extracellular matrix in the
absencel(l) or presencex) of
5% fetal calf serum (FCS).
Results are the mean + SEM of
duplicate determinations in
3 different experiments.
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24 h before stopping the cultures, as abovdger of spermatogonia able to incorporate
(ii) the number of spermatogonia havingBrdU at different days of culture decreased
incorporated BrdU between day 1 and day 3-fold (p < 0.05) between day 2 and day 14
was determined on days 2, 5, 7, 11 and 14 @frespective of the culture conditions. By
the experiment (Figs. 7a and 7b). The numeontrast, the number of spermatogonia,
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Figure 7.Changes in the number of BrdU-labeled spermatogonia in cultures of seminiferous tubu-
lar segments from 3-week-old Meishan pigs. Brdyl) was added to culture media 24 h before
stopping the culture$() or added to culture media between day 1 and day 2 and the cultures stopped
at selected days of the experimamj.(Cells were cultured on an extracellular matrix in the absence
(a) or presenceh) of 5% fetal calf serum (FCS). Results are the mean + SEM of duplicate determi-
nations in 3 different experiments.

labeled with BrdU between day 1 and day 227, 29, 30]. However, the factors which are
measured on days 5 to 14 of culture, wamvolved in the regulation of these processes
significantly higher |§ < 0.05) in cultures remain largely unknown. Moreover, all the
maintained in the presence of serum than iim vitro studies published so far were per-
its absence. Moreover, there was a signififormed in the rat or mouse species with only
cant increase in the number of those spepne report (to our knowledge) dealing with
matogonia between day 2 and day 5 (fronthe survival of isolated porcine spermato-
886 + 234 to 1594 + 31§ < 0.02) in the gonia over a short period of culture [8]. The
presence of serum. Finally, it should beaim of the present studies was to compare
underlined that the number of spermatogodifferent culture systems in order to select
nia labeled between day 1 and day 2 wasne system allowing multiplication of sper-
higher from day 5 onward than the numbematogonia in vitro.

of spermatogonia able to take up BrdU

between days 4 and 18+ 0.05). Purified spermatogonia, cultured either

alone or even seeded on a Sertoli cell layer
died rather quickly, since about 80% of these
germ cells were lost over a 9-day culture
4. DISCUSSION period. This decrease in cell number was
correlated with a decrease in cell viability, as
Many attempts to investigate the regulaassessed by trypan blue exclusion. This
tion of multiplication and differentiation of decrease in cell viability was more marked
spermatogonia have been made, either im germ cell/somatic cell cocultures than in
vivo [4, 5, 10, 11, 23] or in vitro [2, 19, 21, spermatogonia cultured alone. At least two
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reasons might explain this difference:suggests that tight interactions of germ cells
(i) trypsinization of the cocultures was with somatic cells are important, in order
needed to remove cells from culture disheto allow spermatogonia to enter the S phase
in order to perform counting, whereasof the cell cycle. In an attempt to keep these
trypsin was not required for spermatogoniaellular interactions functional in vitro, in
cultured alone; (ii) some dead spermatogoanother series of experiments, small frag-
nia remained attached to clusters of Sertolnents of porcine seminiferous tubules were
cells and were therefore counted, whereaseeded. Under these conditions, some sper-
dead spermatogonia cultured alone wergnatogonia were able to take up BrdU, even
eliminated when removing the cultureafter two weeks of culture, despite an over-
medium before adding PBS-EDTA (seeall decrease in the total number of sper-
Materials and Methods section) for detachmatogonia present in the cultures. The per-
ing the viable cells. The decrease in viabilcentage of spermatogonia able to incorporate
ity, with time in culture, of spermatogonia BrdU in vitro was small (4 to 8%), but it
cultured alone was less marked in the prewas quite similar to the proportion of BrdU-
sent work than in that of Dirami et al. [8]. labeled germ cells observed in the testis of
This can be explained, only partly, by the3-week-old pigs injected with BrdU one day
different methods used to assess this pararfefore slaughtering (C. Marret, A. Locatelli
eter (MTT colorimetric assay in Dirami’s and Ph. Durand, unpublished results).
work and trypan blue exclusion in our study) . .
since the kinetics of this decrease was alsg Coating of the cglture chambers W.'th an
slower in our work. Such a difference Shoulaextracellular matrix res.ulted_ in a higher
be best explained by the culture media us?gumberhof ﬁpermgtogon]la takln_g up Brgu,
in these experiments. Indeed, the mediu L;]rmgft el |rs|ft 5 days o exggrlénentﬁt ar;
used in our work was supplemented witkiN en fetal calf serum was added to the cul-
vitamins. hormones and metabolic subUr¢ medlum._Howeve_r, Fhe total number of
strates; tﬁis was not the case in the study @pgrmatogonla was similar under both con-
Dirami ét al. [8]. Besides, these authors hav tions. These results suggest that, at the
o ’ Segmnmg of the culture, the “exogenous”

228%”M6}£§§'g¥]epg:§§é CS)LZEﬁqn;tgggg%C;zrr@xtracelIular matrix promoted the entry into
vival. In addition, van Pelt et al. [30] haveS phase of a subpopulation of spermatogo-

ted that t o f tami nia, and that after several days, the somatic
reported that spermatogonia rom vitamin, o |15 seeded had secreted a significant
Mamount of matrix [26] making the differ-

culture, for 3 days, with a viability of more nces between the two conditions of culture

than 95%, if serum from such rats is adde C
to the incubation medium. This fits Wellﬁ0 longer significant. In support of such a

. L . . ypothesis, it has been shown that in the
with the better viability and survival of ISO- aphsence of a matrix substrate, division of

lated germ cells cultured alone obtained ”bonocytes from newborn rats is impaired in
our study when fetal calf serum was,;;,, [24].

included in the culture medium. However,

no such effect of fetal calf serum was Culture of seminiferous tubule segments
observed when spermatogonia were culen an extracellular matrix resulted in the

tured on a Sertoli cell layer for 9 days. Thismaintenance of the number of spermatogo-
fits rather well with the absence of effect ofnia, throughout the whole experimental

fetal calf serum during the first week of cul- period, only when fetal calf serum was added
ture of seminiferous tubule segments (seé the culture medium. This indicates that
below). Nevertheless, no incorporation ofextracellular matrix and fetal calf serum have
BrdU by purified porcine spermatogoniaadditive and/or complementary effects since,
was ever observed in our experiments. Thias opposed to the effects of extracellular
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matrix (see above), those of fetal calf serunmay represent a useful tool to investigate
were observed only from the end of the firsturther the regulation of these processes.
week of the experiment.

Fetal calf serum did not enhance the
number of spermatogonia able to take up ACKNOWLEDGEMENTS
BrdU at any day of the experiment. How-

ever, th_e number of those spermatogoni%r expert assistance in csell culture, Dr M.H.
having mcorporqted BrdU between day 1Perrard-Sapori for help in histological analysis,
and day 2 remained higher in serum-cong Godet, H. Lejeune, M. Vigier and M. Weiss
taining cultures than in serum-free culturesfor helpful discussion and advice. We thank
Taken together these results reinforce thég Bois and M.A. Di Carlo for secretarial assis-
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motes the survival of spermatogonia.
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