Germinal and somatic cell interrelationships
in gonadal sex differentiation
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The influence of somatic cells affecting the differentiation and development
of germ cells in gonadal differentiation is discussed. It has been confirmed that both the
male and the female germ cells can be induced to enter meiosis under the influence of the
rete ovarii. The interaction between germinal and somatic cells is also investigated using
an « artificial » chimaeric gonad which contains somatic and germinal cells of opposite
sexes. The results indicate that XY germ cells can survive in the XX somatic environment
and are induced to enter meiosis precociously while XX germ cells fail to survive in an
XY somatic environment.

Summary.

One of the major differences between the sexual differentiation of the ovary
and testis is the time at which meiosis in the germ cells commences : in the female
meiosis occurs during fetal life while in males it does not start until around the time
of puberty (see Baker and 0, 1976 ; Zuckerman and Baker, 1977). In mammals, it
is difficult to assess whether meiosis is actively induced in the ovary, prevented in the
pre-pubertal testis, or whether both mechanisms operate. The purpose of the present
communication is to discuss the result of a series of recent experiments which at least
in part resolve this uncertainty.

Meiotic inductor substance

(MIS).

It is well known that ovaries removed from early embryos cannot be maintained
in organ culture : the germ cells fail to enter meiosis and subsequently degenerate

(mouse : Wolff, 1952 ; hamster : Challoner, 1975 ; sheep : Mauleon, 1973). By
contrast, meiosis can proceed normally in vitro if the ovaries are recovered after a
critical stage of gonadal development (Martinovitch, 1938 ; Borghese and Venini,
1956 ; Baker and Neal, 1973 ; Challoner, 1975). These results clearly indicate that a
specific substance has to be produced for a short period of time (less than 24 h in the
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mouse) to permit the onset of meiosis, but provide no information as to origin of the
inductor substance.
Byskov (1974) transplanted fetal ovaries into nude mice and showed that meiosis
in female germ cells was only « triggered » in an ovary if the rete ovarii was present
in the transplant : in the absence of the rete, meiosis failed to occur. Studies of the
histology of cat, mink and ferret ovaries (Byskov, 1975) showed that there is cellular
contact between rete and germinal cells in the medullary region of the ovary, where
meiosis is first observed, and that the further proliferation of the rete could account
for the subsequent induction of meiosis in peripheral germ cells. The actual meiotic
inductor substance has not been identified but may be related to the PAS-positive
granules found in the cells of the rete (Byskov, 1975). Recentstudies employing organ
culture of ovaries with and without the rete ovarii and/or mesonephros (which
almost certainly have a common origin) have confirmed the vital role of MIS (0 and
Baker, 1976 ; Rivelis

et

al., 1976).

The failure of male germ cells in a testis to enter meiosis during fetal life could
be due to their early envelopment within seminiferous tubules preventing the ingress
of MIS. Alternatively, as Burgoyne (1977) has suggested, the Y-chromosome may play
a role in « switching-off » the early action of the rete and/or MIS. It has now been
repeatedly shown, however, that the rete ovarii can induce meiosis in testicular germ
cells. When fetal testes and ovaries (with rete) are cocultured on opposite sides of a
Millipore filter of suitable pore size, germ cells in both the ovary and testis enter
meiosis, suggesting the presence of a diffusible factor (mouse : Byskov and Saxen,
1976 ; hamster : 0, 1977). It is interesting to note that disorganization of the seminiferous tubules, resulting in extra-tubular germ cells, is always observed in testes in
which germ cells have entered meiosis (0 and Baker, 1976), but it remains unknown
whether such a disorganisation is a primary or secondary effect of MIS.
These experiments show that both male and female germ cells can enter meiosis
during fetal life and that a diffusible factor probably emanating from thereteovarii
(which is derived from the mesonephros) is the inductor substance. More definitive
evidence derives from studies of chimaeric mice, made by aggregating 8-cell cleavage
stage embryos, or injecting XX (or XY) cells into the blastocoel of XY (or XX) blastocysts (both of which are considered below as « natural » chimaeras), and by making
« artificial gonads » by aggregating XX germ cells with XY somatic cells (and vice

versa).
Natural

XX/XY

chimaeric mice.

When two 8-cell cleavage stage embryos are fused together, at large proportion
of these XX +-> XY chimaeras develop as males and only a small proportion develop
as females (see Ford and also Burgoyne, 1978 ; also McLaren, 1976). The question
remains as to whether the genotype of the somatic cells can influence the fate of the
germ cells.
Studies of XX - XY fetal mouse chimaeras have shown that the gonads are
normally testes and a proportion of the germ cells enter meiosis between Days 14t
and 18post conception (Mystokowska and Tarkowski, 1968 ; Kofman-Alfaro and

Chandley, 1970). The characteristic « late-labelling » pattern of the Y chromosome
with tritiated thymidine was not observed in the cells which entered meiosis and thus
it was concluded that only the XX cells were involved. The meiotic germ cells (seemingly XX) seemed to be unable to survive in the testicular environment such thatlater
in development, only XY cells should be encountered.
There is no evidence available as to whether the somatic cells surrounding the
germ cells affect their differentiation and thus whether it is the XX somatic cells
which induce meiosis in XX germ cells. The limitation of the mouse chimaera as a
model of gonadal differentiation is that « patch size » for each cell type cannot be
determined.
Steinberger and Steinberger (1966) and Yamada et at. (1973) have developed
techniques permitting the separation of germinal and somatic cells from gonads.
By reaggregating germ cells of one sex with somatic cells of the opposite sex, an
« artificial » chimaeric gonad can be made and cultured, thereby making it possible
to study the fate of germ cells in a genetically « inappropriate » somatic environment.

« Artificial » Chimaeric
Hamster

gonads.

recovered

12

can readily be sexed by
chromatin body.Gonadsofthe same sex
are then pooled together (ca 25-30 gonads per group) and their somatic and germinal
cells separated using 0.25 p. 100 trypsin in phosphate-buffered saline (with added
C for 20 min. After washing the cells to remove the trypsin, they
°
DNA-ase) at 32

gonads,

on

Day

exmining liver cells for the presence of a

post conception,

sex

cultured overnight in Eagle’s minimal essential medium (with Earle’s salts and
Hepes buffer and 20 p. 100 new-born calf serum). In this way the somatic cells became
attached to the plastic Petri dish while the germ cells remained free-floating in the
medium (see fig. 1). Germ cells were harvested by centrifugation of the supernatant
medium, after which the somatic cells were recovered by mild trypsinization of the
Petri dishes.
Once the cell separations had been checked for viability and purity (lack of germ
cells in the somatic cell preparation and vice versa) and a pellet was made by centrifuging the cells at 900 rpm for 15 min. The pellet was transferred to an agar block
(previously equilibrated with culture medium) and cultured for 3 to 8 days using the
methods of Baker and Neal (1973). At the end of the period of culture the « artificial»
chimaeric gonads (still attached to their agar blocks) were processed for histology
and slides stained with haematoxylin and eosin were examined to assess the stage of
gonadal/germ cell differentiation.
were

In these experiments, the controls were aggregated cells of the same genotypes
prepared and cultured under identical conditions. The development of these controls
was similar to that of organ cultured intact gonads. Female germ cells entered meiosis
while their (female) somatic cells remained fairly disorganised, while male germ
cells did not enter meiosis and their male somatic cells reorganised into tubules
around them (Plate la and b).

By

contrast, the

XX/XY artificial gonad was quite different
gonads, XX somatic cells remained
seminiferous tubules did not form and after 6-8 days

developement

of the

to that of the controls and organ cultured whole

dispersed

around XY germ cells :

in culture the male germ cells became « grainy » in appearance and some of them
entered meiosis (Plate Ic). In contrast, XX somatic cells did not survive when surround-

latter did not form seminiferous tubules (Plate ld).
The failure of XX germ cells to survive in the XY environment is in keeping with
results from other studies. A similar situation occurs in sex-reversed mice, XX male
goats and pigs, and in freemartin gonads (0 and Short, 1977). Similarly, in XX - XY
chimaeric mice progeny testing has revealed that only the XY germ cells survive
ed

by XY somatic cells and the

(McLaren, 1976).
The fate of XY germ cells in an ovary is more difficult to determine. The results
described in the present study clearly show that male germ cells can enter meiosis
but provide no evidence as to their eventual fate. However, Evans et al. (1977) have
recently found an XY oocyte in a rare case of a female XX - XY chimaera, indicating
that XY oocytes can at least occasionally survive to sexual maturity.
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L’influence des cellules somatiques affectant la différenciation et le développegerminales durant la différenciation de la gonade est discutée. Nous avons
confirmé que sous l’influence du rete ovarii les cellules germinales mâles aussi bien que les
cellules germinales femelles peuvent entrer en méiose. Les relations entre cellules germinales et cellules somatiques ont également été étudiées dans des gonades chimères artificielles dans lesquelles les cellules germinales et les cellules somatiques sont de sexes opposés. Il apparaît que les cellules germinales XY peuvent survivre parmi des cellules somatiques XX et entrent en méiose précocement, tandis que les cellules germinales XX ne
peuvent survivre parmi des cellules somatiques XY.
Résumé.
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