Seminal Vesicle Formation and Specific Male Protein

Secretion by Female Cells in Allophenic Mice

Abstract. The relation of cellular sex genotype to phenotype was examined in
seminal vesicles of adult allophenic mice with cellular sex chromosome mosaicism.
Each animal originated from conjoined blastomeres of an embryo of female (XX)
and one of male (XY) constitution, from different inbred strains. Cells of both
sexes were detected in bone marrow and certain other somatic tissues; cellular sex
of seminal vesicles was deduced from strain-associated electrophoretic variants of
proteins coded for at autosomal loci. Seminal vesicles composed partly or entirely
of female cells were found in male and pseudohermaphrodite individuals. In a
pseudohermaphrodite, both allelic variants of the tissue-specific normal male semi-
nal vesicle protein (Svp-locus) were present, signifying that female as well as male
cells were synthesizing the protein. Male-determining factors on the Y chromosome
are thus not required in cells that differentiate into functional seminal vesicles.

We report a striking example of cellu-
lar developmental versatility in the
mouse: differentiation of XX (chromo-
somally female) cells into seminal vesi-
cles and synthesis by them of the organ-
specific protein ordinarily found in
males.

These observations were made in allo-
phenic mice, animals that originate as
artificial composites of blastomeres
from two or more genotypically differ-
ent embryos. The techniques for their
production (I), recently reviewed (2),
consist of aggregation of donor blasto-
meres in vitro at 37°C, after removal
of the surrounding zona pellucida with
Pronase, and subsequent surgical trans-
fer of the composite to the uterus of a
pseudopregnant surrogate mother. The
majority of the embryos are viable.

Each tissue examined in allophenic
animals derived from two embryos can
contain cells of each genotype (3), for
which unambiguous cell phenotypes are
the indicators. Thus, every specialized
cell population must arise from a mini-
mum of two progenitor cells that form
clones with tissue-specific functional
genetic specialization. In a series of
studies with appropriate allelic markers
in the two cellular subpopulations, the
actual clonal number, as well as the
pattern of clonal deployment, has been
found to be highly specific for each
tissue, ‘Clonal histories have been re-
constructed for a number of tissues, in-
cluding coat melanoblasts (4), hair fol-
licles (3, 5), visual retina (6), pigment
retina (6), liver (7), and vertebral
column (8). The evidence suggests that
differential gene activity and clonal ini-
tiation begin long before visible cell dif-
ferentiation, and that developmental
diversification is genetically controlled
in clonal units (3).

Fortuitous combinations of blasto-
meres from XX and XY embryos oc-
cur. We have identified, by karyotype
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analyses, some 25 allophenic individuals
that had both cellular sexes in one or
more tissues. They comprise morpho-
logical males, females, and, infrequently,
intersexes (9, 10), rather than exclusively
males and intersexes as has been sug-
gested in another report (/1) based on
three XX <> XY cases. Most of the
XX <> XY animals are fertile. How-
ever, germ cell sex reversal does not
occur; only the germinal cell strain that
corresponds to the external sex pheno-
type undergoes complete gametogenesis
and is functional (9).

In allophenic males with XY cells
from two different inbred strains, both
strains are sometimes present in the sex
glands, seminal vesicles, and other ac-
cessory reproductive structures exam-
ined; thus each tissue must have a multi-
clonal orgin (10). In XX< XY ani-
mals, both cell strains also sometimes
coexist in various parts of the reproduc-
tive tract. Therefore, the somatic cells
of at least some primordia of the mam-
malian tract apparently retain their
ancient evolutionary developmental bi-
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potentiality (12), although the germ
cells do not. Dependence of secondary
sex glands on fetal testicular hormone
for their early development in the
mouse (I3) accounts for this lability.
Three cases of adult XX <> XY mice
with seminal vesicles composed partly
or largely of XX cells are described
below.

The first case (Table 1, animal A) has
previously been mentioned (I0). This
was a sterile phenotypic male derived
from the CBA/HIcr-T6/T6 strain, bear-
ing a cytologically detectable homozy-
gous autosomal chromosome transloca-
tion, and the C57BL/6JNIcr (nontrans-
location) strain. Its coat was agouti, like
that of CBA. At autopsy (619 days of
age), very small testes were seen.
Chromosome examination of metaphase
cells by standard procedures (I4) after
in vivo administration of colchicine es-
tablished that the CBA-T6/T6 cells
were XX and the C57BL/6 cells, which
lacked the translocation, were XY.
There were 557 XX and 275 XY cells
counted in bone marrow preparations,
48 XX and 26 XY cells in spleen, 59
XX and 60 XY in lymph nodes, and
25 XX in corneas. To ascertain the
cellular chromosomal sex of other tis-
sues, the supernatant fractions of the
homogenized tissues were screened by
separation in starch gel for allelic elec-
trophoretic strain variants of isocitrate
dehydrogenase (I5). The procedure
would allow a minor component of
approximately S percent to go unde-
tected. Liver, kidneys, and lungs were
very largely of CBA, and therefore XX,
type. In the reproductive tract, only the
XX strain-type was found in the testes.
It is likely that testicular differentiation
may have been due to the presence of
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Fig. 1. Metaphase plates of an XX cell (a) and an XY cell (b) from the bone marrow
of an allophenic male pseudohermaphrodite (animal C in Table 1). The X chromosomes
are not distinguishable. An XX cell is identified by presence of the smallest (No. 19)
pair of autosomes (unlabeled arrows) and the absence of the Y; an XY cell shows
the two small autosomes and the Y chromosome.
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Table 1. Female (XX) genotypic

component in seminal vesicles

and seminal vesicle protein of XX <> XY allophenic mice.

Chromosomal sex™

Seminal vesicle

analyses
Animal Strain combination Sex phenotype S e XX strain® S -
XX cells XY cells Markert XX
(No.) (No.) (%)
A CBA-T6/T6 <> C57BL/6 < (Sterile) 689 361 CBA-T6/T6 IDH 100
B CBA-T6/T6 <> C57BL/6 < (Not mated) 2622 75 C57BL/6 IDH 10
C C3H <> C57BL/6 4 Pseudohermaphrodite 7 25 CS7BL/6? SVP 25

© Sex chrcmosome constituticn was analyzed in metaphase cells of some or all of the following tissues: bone marrow, spleen, lymph nodes, cornea.
Cytological preparations were made from marrow of long bones, from approximately cne third of the splecn, from both corneas, and from various

lymph nodes.

+ The XX strain of animal C was not positively identifiable; the more conservative possibility is given here.

i Markers are: IDH,

isocitrate dehydrogenasc: SVP. seminal vesicle protein. Small minor components can go undetected with thesec markers,

an undetected, small but dominant, XY
component in the sex glands, with XX
somatic cells (but not germ cells) devel-
oping in a male direction (10). The
seminal vesicles were morphologically
normal but small; they also revealed
only the XX strain, but a minor XY
population may have been present.

The second case (animal B) was an
ostensibly normal male of the same
strain combination as animal A; it had
not been test-mated. Its coat showed
both agouti (CBA) and nonagouti
(CS57BL/6) hair follicle clones, in a
finely banded pattern of transverse
stripes interpreted as reflecting derma-
tome origin (3, 5); a relatively higher
concentration of nonagouti (black) oc-
curred on the crown and face. At
autopsy, when the animal was 527 days
of age, a normal male tract was ob-
served. Metaphase studies permitted
identification of the XX cell strain as
C57BL/6 (nontranslocation) and the
XY strain as CBA-T6/T6. There were
2488 XX and 34 XY cells tabulated in
the bone marrow, 86 XX and 9 XY
cells in spleen, 44 XX and no XY cells
in lymph nodes, and 4 XX and 32
XY cells in corneas. Biochemical anal-
yses of other tissues for isocitrate de-
hydrogenase variants showed the kid-
neys to be 80 percent of the XX strain,
the lungs all (or largely) XX, and the
individual liver lobes of variable com-
position, with a range of 11 to 80
percent of the XX strain-type. The
seminal vesicles were largely of the XY
strain with approximately 10 percent
of the XX type.

The third case (animal C) was
produced from the C3H/HeNIcr and
C57BL/6NIcr cell strains. Its coat had
both the agouti (C3H) and nonagouti
(CS57BL/6) strains visible in a hair fol-
licle pattern similar to that of animal B.
The external genitalia were intersexual,
with a small penis, short genito-anal
distance, and small vaginal opening end-
ing in a cul-de-sac. At autopsy after col-
chicine treatment, at 93 days of age, a
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malelike tract with undescended testes
was found; one gonad was slightly
reduced, and the other was diminutive.
The animal was classified as a male
pseudohermaphrodite. Karyotype studies
(Fig. 1) enabled both cell types to be
recognized in bone marrow (3 XX and
12 XY cells) and spleen (4 XX and 13
XY cells). Although the female and male
cells could not be identified as to their
inbred strain of origin, the presence of
cells of both inbred strains in any tissue
would automatically signify the presence
of both XX and XY cells. The liver
was analyzed for allelic strain variants
of malate dehydrogenase in the super-
natant homogenate fraction, detectable
by electrophoretic differences in starch
gel (16); 95 percent of the C3H and
5 percent of the CS5S7BL/6 variants
were present.

Seminal vesicles of normal male mice
secrete characteristic proteins not known
to occur in any tissues of females. The
seminal vesicle proteins (SVP) are
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Fig. 2. Electrophoretic SVP patterns of a
C57BL/6 control male (a), a C3H control
male (b), and the left (c) and the right (d)
seminal vesicles of the C3H <> C57BL/6
male pseudohermaphrodite with sex chro-
mosome mosaicism (shown in Fig. 1).
Each vesicle of the allophenic animal
shows bands of both SVP strains, indicat-
ing SVP synthesis by XX and XY cells.
Seminal vesicle fluid was dissolved in sa-
line, and its soluble proteins were analyzed
by polyacrylamide disc gel (7 percent)
electrophoresis at pH 8.3 in tris-glycine
buffer; the anode is at the bottom of the
gels. Proteins were stained with amido
black.

electrophoretically separable in polya-
crylamide gel. Some component proteins
occur in two allelic genetic types, and
inbred strains are classifiable according
to their SVP electrophoretic patterns
(17). The major bands of SVP are IV,
V, and VI, according to the nomen-
clature of Platz and Wolfe (17). In
strains homozygous for the autosomal
Svp" allele (for example, C3H), bands
V and VI are relatively stronger.
whereas IV and V are stronger in
Svp¥ homozygotes (for example, C57-
BL/6).

The seminal vesicles of animal C
were small but contained ample fluid
for strain diagnosis of SVP. The soluble
proteins were separated electrophoreti-
cally (18), the gels were then stained
with amido black, and densitometric
tracings of the bands were obtained at
650 nm (Gilford model 2410 linear
transport with model 2000 absorbance
recorder and Beckman model DUR
spectrophotometer). An equation has
been developed (19) for calculation of
the proportions of the two SVP pheno-
types in an allophenic vesicle containing
both types. The equation rests on the
assumption that each cell synthesizes
the same amount of protein, regardless
of its SVP phenotype; calculations are
based on the ratio of the strengths of
bands IV:VI and V:VI from the
peaks for each band. Artificial mixtures
of the two pure types were correctly
diagnosed by these calculations. The
presence of both SVP strains in the
XX <> XY male pseudohermaphrodite
is visible in the electrophoretic patterns
(Fig. 2), in comparison with controls.
Therefore, XX as well as XY cells must
be secreting SVP. The proportion of the
XX strain is either 25 percent, if
CS57BL/6 is XX, or 75 percent, if C3H
is XX (Table 1),

Known dependence of seminal vesicle
development on male hormone (13) in-
dicates that one or both testes of the
allophenic pseudohermaphrodite were
producing androgen and that XX cells
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in the fetus were able to respond to this
stimulus by development in the male
direction as seminal vesicles. A heritable
form of male pseudohermaphroditism,
not due to sex chromosome mosaicism,
has been reported in rats; they secrete
low levels of testosterone (20). The pres-
ence of a vagina in these pseudoher-
maphrodite rats as well as in an allo-
phenic mouse such as case C could
result from a subnormal amount of an-
drogen in fetal stages.

From the fact that XO mice are
females, it appears that the Y chromo-
some of the mouse is male-determining
(21). Inasmuch as XX cells can develop
into seminal vesicles and secrete SVP
in the absence of any intracellular Y-
linked factors, it follows that histo-
genesis of the vesicles and function of
the Svp locus in the XY cells of normal
males may also be independent of ex-
pression of male-determining factors on
the Y in those cells.

BEATRICE MINTZ
MASAHARU DoOMON
DAviD A. HUNGERFORD, JOHN MORROW *
Institute for Cancer Research,
Philadelphia, Pennsylvania 19111

References and Notes

1. B. Mintz, Amer. Zool. 2, 432 (1962); Science
148, 1232 (1965).

2. , in Methods in Mammalian Embryol-
ogy, J. C. Daniel, Jr., Ed. (Freeman, San
Francisco, 1971), p. 186. .

, Symp. Int. Soc. Biol. 9, 15 (1970).

, Proc. Nat. Acad. Sci. U.S. 58, 344

1967).

, Genetics 61 (Suppl), 41 (1969).

B. Mintz and S. Sanyal, ibid. 64 (Suppl.), 43,

(1970).

H. Condamine, R. P. Custer, B. Mintz, Proc.

Nat Acad. Sci. U.S. 68, 2032 (1971).

. W. J. Moore and B. Mintz, Develop. Biol.,

in press.

. B. Mintz, J. Anim. Sci. 27 (Suppl. 1), 51
(1968); B. Mintz, D. A. Hungerford, J. Mor-
row, in preparation.

10. B. Mintz, Birth Defects Orig. Art. Ser. 5,

11 (1969).

11. E. T. Mystkowska and A. K. Tarkowski, J.
Embryol. Exp. Morphol. 20, 33 (1968).

12. E. Witschi, Arch. Anat. Microscop. Morphol.
54, 601 (1965).

13. A. Raynaud, ibid. 39, 518 (1950); D. Price
and E. Ortiz, Organogenesis (Holt, Rinehart
& Winston, New York, 1965), p. 629.

14. H. F. Stich and T. C. Hsu, Exp. Cell Res. 20,
248 (1960). .

15. N. S. Henderson, J. Exp. Zool.
(1965).

16. , Arch. Biochem. Biophys. 117, 28
(1966); W. W, Baker and B. Mintz, Biochem.
Genet. 2, 351 (1969).

17. R. D. Platz and H. G. Wolfe, J. Hered. 60,
187 (1969).

18. B. J. Davis, Ann. N.Y. Acad. Sci. 121, 404
(1964).

19. M. Domon and B. Mintz, in preparation.

20. C. W. Bardin, J. E. Allison, A. J. Stanley,
L. G. Gumbreck, Endocrinology 84, 435
(1969).

21. W. J. Welshons and L. B. Russell, Proc. Nat.
Acad. Sci. U.S. 45, 560 (1959). 3

22. Supported by PHS grants HD-01646, CA-

05903, and RR-05539, and by an appropria-

tion from the Commonwealth of Pennsylvania.

Present address: Department of Physiology

and Cell Biology, ' University of XKansas,

Lawrence 66044. - '

16 August 1971
11 FEBRUARY 1972

© B N oau aw

158, 263

*

-

Parasympathetic Ganglia: Activation of an Adrenergic
Inhibitory Mechanism by Cholinomimetic Agents

Abstract. Electrical stimulation of the sympathetic nerves to the urinary bladder
or the intraarterial administration of the cholinomimetic substances acetylcholine
or methacholine produced adrenergic inhibition in parasympathetic ganglia on the
surface of the bladder. The inhibition appeared to be mediated, at least in part,
via adrenergic inhibitory neurons located in the pelvic plexus. Atropine blocked
the inhibitory response to injected cholinomimetic agents but did not alter the
response to stimulation of the sympathetic nerves. Thus, the inhibitory neurons
can be activated via both muscarinic and nonmuscarinic receptors, the latter being

of primary physiological importance.

Since the discovery by Marrazzi (1)
that epinephrine depressed transmission
in the superior cervical ganglion, there
has been considerable interest in the
possible role of the catecholamines as
inhibitory transmitters in autonomic
ganglia (2). The first electrophysiologi-
cal cvidence for such a role was ob-
tained by Eccles and Libet (3). These
investigators showed that repetitive
stimulation of the preganglionic nerves
to the curarized superior cervical gangli-
on of the rabbit produced a hyperpo-
larizing ganglionic potential (the P-
potential) which was blocked by an
«-adrenergic blocking agent or by atro-

pine. They suggested that preganglionic
fibers to the ganglion excited chromaffin
cells, which in turn released an adrena-
line-like substance. This substance was
believed to act on the ganglion cells to
produce the hyperpolarizing response.
To account for the blockade of the
P-potential by atropine, they proposed
that transmission at the synapses on the
chromaffin cells was cholinergic and
was mediated via muscarinic receptors.
The presence of chromaffin-like .cells
in close apposition to sympathetic gan-
glion cells (4) led to the proposal ‘that
the former might function as adrenergic
inhibitory interneurons (4, 5).
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Fig. 1. Time course of the inhibitory effects in pelvic ganglia of (A) electrical stimu-
lation (20 volts, 20 cycle/sec) of the hypogastric nerve (HGN-Stim) and of (B) in-
jected methacholine. (A) Record i is the control discharge recorded on a vesical post-
gangiionic nerve filament in response to submaximal stimulation of the pelvic nerve (2
volts, 0.5 cycle/sec). Records ii, iii, and iv are taken 4 seconds after HGN-Stim on, 2
seconds after HGN-Stim off, and 18 seconds after HGN-Stim off, respectively. Vertical
calibration is 200 uv. Below is a graph of the depression by HGN-Stim (20 volts, 20
cycle/sec) of the discharge from pelvic ganglia. The bar indicates HGN-Stim. Dihydro-
ergotamine (200 wg) was administered; the solid line shows data obtained before this
drug was given, and the dashed line shows data obtained after it was given. (B)
Record i is the control discharge, and records ii, iii, iv, and v are taken 8, 12, 20,
and 44 seconds, respectively, after an injection of methacholine (5 ug). Vertical cali-
bration is 200 uv. Below is a graph of the depression by methacholine (5 ug) of the
discharge from pelvic ganglia. - Dihydroergotamine (200 ug) was given; solid and
dashed lines are as explained for A.
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