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Extract

In order to determine which tubular cells are responsible for
the secretion of anti-millerian hormone (AMH), a method
which would yield a pure preparation of fetal Sertoli cells
appeared to be desirable. In tissue cultures of postnatal
testicular cells, germinal elements remain free-floating in the
medium, whereas cells of nongerminal origin attach themselves
to the surface of the culture vessel and form a monolayer. If,
before cell dissociation, seminiferous tubules are jsolated from
interstitial tissue, the momnolayer formed on the flasks plated

with tubular cells is formed only by Sertoli cells. By applying-

this method to fetal calf testicular tissue, we have obtained
separate cultures of fetal Sertoli and interstitial cells and tested
miillerian-inhibiting activity.

Tubular cells exhibited a pavement-like pattern, tended to
form civcular structures, and inhibited the rat fetal miillerian
duct after transferral to organ culture conditions. Interstitial
cells had a fibroblastic appeatrance in monolayers, and did not
disptay miillerian-inhibiting activity.

Speculation

Monolayers arising from the tubular and interstitial com-
partment of the calf fetal testis, respectively, have been
established. As, in the postnatal testis, germ cells do not attach
to the walls of culture vessels, it is speculated that the tubular
monolayer is formed by Sertoli cells only. Their miillerian-
inhibiting activity confirms our previous hypothesis that
Sertoli cells are the source of the millerian-inhibiting
hormone.

The pioneer work of Jost (8) in 1947 established that the
fetal testis is responsible for the masculinization of the genital
tract. Androgens, produced by the fetal Leydig cells, maintain
the wolffian ducts and virilize the external genitalia. Miillerian
ducts, however, are unaffected by androgens, whether in vive
(8) or in vitro (3), and do not regress when placed with
fragments of fetal interstitial tissue in organ culture, whereas
isolated seminiferous tubules exhibit miilierian-inhibiting activ-
ity under the same conditions (6}.

In order io determine which tubular cells are responsible for
the secretion of anti-milllerian hormone (AMH), it is necessary
to separate germinal from Sertoli cells. y-Irradiation of fetal
testicular tissue maintained in organ culture destroys most
germ cells without impairing the millerian-inhibiting activity
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of the explants (7), but y-rays do not completely eradicate the
germ cell line, as approximately 3% survive exposure to 700
rads. For this reason, a method which would vield a pure
preparation of fetal Serioli cells appeared desirable. Stein-
berger and Steinberger (16), Kodani (9}, Kodani and Kodani
(10), and Yamada e: al (19) have shown that in tissue
cultures of posinatal testicular cells, germinal elements remain
free-floating in the medium, whereas cells of nongerminal
origin attach themselves to the surface of the culiure vessel
and form a monolayer. If, before cell dissociation, semi-
niferous tubules are isolated from inlerstitial tissue, the
monolayer formed on the flasks plated with tubular cells is
formed only by Sertoli cells, free-floating germ cells being
eliminated when culture medium is renewed. By application of
this method to fetal calf testicular tissue, we have obtained
separate cullures of fetal Sertoli and interstitial cells and tested
their milllerian-inhibiting aclivity.

MATERIALS AND METHODS

Teslicular tissue was obtained from 14 calf fetuses, 30—50
cm in forehead-rump lengih, approximately 130—155 days
postconception, according to the method of Lindsay (13).

MICRODISSECTION OF TESTICULAR TISSUE

Microdissection was carried out according to a technique
previously described (6) in Eagle’s minimum essential medium
containing 100 U penjcillin and 100 pg streptomycin/ml. To
remove adherent interstitial cells, isolated seminiferous fubules
were rinsed in phosphate-buffered saline containing 0.25%
trypsin. The cleaned tubules were then incubated for 20 min
at 37° in a fresh 0.25% trypsin solution and the cells were
dissociated with a Pasteur pipette. Afier centrifugation at 800
rpm for 5 min, a pellet of tubular cells was obtained.
Interstitial cells were obtained by collecting the microdissec-
tion medium under control of the dissecting microscope to
avoid tubular fragments. The medium was then cenirifuged at
800 rpm for 5 min. Fragments of undissected testicular tissue
were also dissoclated in trypsin and the resulting cellular
suspension was collecled by centrifugation.

MONOLAYER CULTURES

Cultures of the cells derived from seminiferous tubules,
interstitial tissue, and whole testis were obtained at 37" by
seeding the cellular suspension in plastic tissue culture flasks in
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Eagie’s minimum essential medium supplemented with 10%
fetal calf serum. Leighton tubes were also prepared in each
case to allow histologic examination of the monolayer. One
week after the initiation of the culture, the coverslip was
dipped in methanol and the adherent monolayer was stained
with Giemsa. At the same time, the cclls grown in the plastic
culture flasks were harvested by incubation with 0.25%
trypsin, washed twice with culture medium, and collected by
centrifugation.

TRANSFER TO ORGAN CULTURE CONDITIONS

Transfer was then effected by pipetung the cellular pellat
resuspended in 0.3 ml culture medium on to a fragment of the
vitelline membrane of a hen’s egg which was spread out on the
grid of an organ culture dish {20). The vitelline membrane was

“then folded back on top of the cellular suspension and culture
medium was added up to the level of the grid. The number of
harvested cells did not allow the preparation of more than one
culture dish per cell line and per calf fetus. Preliminary
experiments showed that in the 3 days which followed the
transfor of Lhe cells to organ cullure dishes, most of the cells
died and the number of those which survived to.produce cell
colonies was quite unpredictable. On the other hand, if the
cells were left in the vitelling membrane for more than 2
weeks, many cells present in the center of the colonies died.

MULLERIAN-INHIBITING ACTIVITY

Activity of the cells was tested 1 week after the transfer by
placing castrated reproductive tracts of 14.5-day-old fetal rats
on the surface of the vitelline membrane. Three days later, the
cultures were fixed in Bouin’s fluid, The excess viteiline
membrane was trimmed away and the rat reproductive tracts
were serially - sectioned, together with. the testicular cell
colonics wrapped in the vitelline membrane. Cne section out
of 10 was stained with schiff-hematoxylin. .

Altogether, 34 tracts associated with cells derived from
whole testis, 28 associated with tubular cells, and 24
associated willh interstitial cells were studied. However, in
many cases, the number and viability of the cells contained in
the folds of the vitelline membrane. did not allow the
assessment of their miillerian-inhibiting activity. This could be
studied in only 16 colonies derived from whole testicular
tissue, in 13 tubular cell colonies, and in 9 interstitial cell
colonies (Table 1),

RESULTS

CELLULAR MORFHOLOGY

Distinctive morphologic differences were apparent in the
various cell lines which formed a monolaver on the coverslip
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of the Leighton tubes after one week in vitro, Tubular cells,
with nuclel containing one or more nucleoli, displayed a
pavement-like struciure and fended to grow in circles
reminiscent of seminiferous tubules (Fig. 1. No cell resemb-
ling a gonocyte was seen. Interstitial cell momnolayers were
formed of elonpated cells with a fibroblastic disposition (Fig.
2). Both types of cells were represented in cultures derived of
undissociated testicular tissue (Fig. 3).

Morphologic differences were not recognized in the cells
after transferral to the egg vitelline membrane. Necrotic cells,
numerous in the 2 or 3 days which followed the modification
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Fig. 1. Aspect of tubular monolaver from V 284, grown on coverslip
of Leighton tube (Giemsa, X 90). Note pavemeni-like growth and
{fendency to form circular struclures reminiscent of seminiferous
tubules.
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Tig. 2. Aspect of interstitial cell monolayer from ¥ 284 grown on
coverslip of <Leighton tube {Giemsa, X 90} Note enlongated,
fibroblastic pattern of cellular growth.

Table 1.

N of fetal Tal reproductive tracts associated with cells from

Whaole lestis

Seminiferous tubules Interstitial tissue

With MI

Calf felus Forchead-rump length, cm Total With MI’ Total With Ml Tortal
i7 304 48 2 2 1 1
v 307 44 - 2 2 3 3 1 0
V312 45 ] 0
V317 43 3 3 3 2 2 0
V319 47 3 3 4 3 2 0
V324 38 2 2 2 1 1 0
V329 38 3 3 3 0

! MI: millerian inhibition.



Fig. 3. Aspsct of cellular monolayer from undissected testicular
tissue of V' 284, Giemsa, X 200. Note admixture of elongated and
rounded nuclei.

of the culture conditions, had usually disappeared after 10
days. At that time, the folds of the vitelline membrane were
covered by one or two layers of testicular cells and in
approximately half of the cultures, these developed into
colonies of polygonal cells piled on top of one another.

MULLERIAN-INHIBITING ACTIVITY .OF CELL COLONIES

Only colonies formed of at least five layers of viable cells
will be considered here. Their miillerian-inhibiting activity was
reflected by the appearance of the miillerian duct of the rat
reproductive tract associated with it for 3 days. No miillerian-
inhibiting activity was found in the nine interstitial cell
colonies studied. Miillerian ducts were normal in all instances
{Fig. 4}. Milllerian ducts associated with 15 of 16 colonies
derived from undissectéd testicular tissue, and those associated
with 10 out of 13 tubular cell colonies were clearly mhlblted
(Fig. 5), although regression was usually not as marked as
when organ, and not tissne cultures, ate placed next to the
milllerian ducts. Here, mriillerian ducts were obliterated only in
the anterior segment of the duét but persisted, narrow and
surrounded by fibroblasts, in the middle segment of the duet,
which iIs less sensitive to the action of AMH 'in rats of 14, 5
days of fetal development.

 DISCUSSION

Fetal Sertoii cells have been recognized as the most likely
source of AMH, on- the ‘basis of the unimpaired miillerian-
inhibiting activity of isolated seminiferous tubules {6) and of
testicular explants deprived of germ cells by y-irradiation (7).
However, a few germ cells survive the latier procedure, and it
might be argued that these are necessary to the synthesis of
AMH by seminiferous tubules. For this reason, we wished to
study the miilerian-inhibiting activity of a preparation of
Sertoli cells uncontaminated by germ cells. Monoclayer caltutes
were therefore established from the tubular and interstitial
compartment of fetal calf (esticular tissue. Tubular cells
exhibited a pavemeni-like pattern, tended to form circular
structures, and inhibited the rat fetal miillerian duct after
transferral to organ culture conditions. Interstitial cells had a
fibroblastic appearunce in monolayers, and did not display
miillerian-inhibiting activity.

Because of the report by Steinberger and Steinberger (16,
17) that gonocytes do not attach themselves to the walls of
culture vessels, we assume that the monolayer we obtained
from the tubular compartment of the fetal calf testis is formed
by Sertoli celis, Few testicular cell cultures have been
performed in the fetus, and in nome was separation of
seminiferous tubules from interstitial tissue previously carried
out. Abraham (1), in monolayer cultures of trypsin-dissociated
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fetal chick testes, ohserved struciures reminiscenl of semi-
niferous tubules rather similar to those seen in our own
tubular monolayers.

[n the postnatal testis, the ndture of the cellular monolayer
depends on the type of cells from which the culiure is
initiated, and also on the culture method used. Lee {(12), on
the basis of histochemical data, considered thal monolayers
obtained from whole juvenile chick testicular tissue were
composed by aggrepates of interstitial cells. If seminiferous
tubules are isolated before the cell culture procedure, Sertoli
cell monolayers are formed on culture vessels seeded with a
cellular suspension (19}, but if the intact seminiferous tubules
are explanted on coverslips (2, 11), the cellular cutgrowth is
formed by myoid celis of the peritubular sheath,

Miillerian-inhibiting activity of cell monolayers cannot be
studied and therefore a switch to organ culture conditions was
necessary, In spite of the high cellular mortality entailed hy
this procedure. An egg vitelline membrane, which is known to
be permeable to AMH (5), was used to protect cells from total
lysis, on the basis of the results published by Wolff and Wolff
(18}, who used egg vitelline membrane to culture cancer cells.
It is probable that the cellular colonies which developed in the
vitelline membrane arose from the division of a few surviving
cells and not from the reassociation phenomena described by
Moscona and Moscona (14) and Steinberg (15) in populations
of dissociated embryonic cells, especially as evidence of
testicular neohistogenesis was lacking after transfer of the cells
to the new environment.

Fig. 4. Fetal rat reproductive tract associated with fnterstitial cell
colony from ¥ 329, Milllerian duct is maintained {periodic acid-schiff-
hematoxylin, X 200). M: miillerian duct; W: wolffian duct:; ¥
vitelline membrane,

Fig. 5. Fetal rat reproductive tract associated with tubular cells from
V 304. The miillerian duct is inhibited (periodic acid-schiff-hematoxy-
Ln, x 200} M. millerian duct: W: wolffian duct: ¥ vitelline
membrane,
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The fact that miillerian-inhibiting activity was recognized
only in colonies originating from tubular cells or from
undissected testicular tissue is consistent with the hypothesis
that Sertoli cells are the source of AMH,

SUMMARY

Separate Sertoli and interstitial cell monolayers were
obtained {rom the fetal calf testis after prior isolation of the
seminiferous tubules by microdissection. After harvesting, the
cells composing the monolayers were transferred to organ
culture dishes by pipetting the cellular suspension onto a
fragment of egg vitelline membrane. The miillerian-inhibiting
activity of the cell colonies formed in the vitelline membrane
sac was tested by association to castrated 14-day-old fetal rat
reproductive tracts. Milllerian-inhibiting activity was found
only in the colonies derived from whole testicular tissue or its
tubular compartment, but not in colonies derived from
interstitial cells,
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