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Summary

Eight cases of males with persistent Miilleriau structures
are reported in four pairs of unrelated siblings. A genetically
inherited failure to produce or to respond to the Miillerian-
inhibiting substance elaborated by the fetal testis is postulated.

Introduction

The persistence of Miillerian structures (uterus and Fallopian
tubes) in otherwise nonnal males is well recognized, and over
70 sporadic cases have been reported (Nilson, 1939; Royer
et al., 1961). Two pairs of siblings have recently been des-
cribed (Guell-Gonzalez et al., 1970; David et al., 1972) and in
this paper we report on a further four unrelated pairs of male
siblings with this condition. The now undoubted familial
occurrence of the persistence of Miillerian structures may help
in determining ithe aetiology of the condition and has impli-
cations for the normal sex differentiation of the fetus.

Case Report

The main features of the cases are summarized in the table.
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PAIR 1

These patients were seen in the department of paediatrcs,

University of Zriich. They are shown with their normal siblings
in fig 1. There was no consanguinity in the parents.
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FIG. 1-Paiw of siblings with persistent Mallerian structures. with ther normal
brohers.

Patient A was noted to have bilateral cryptorchidism at birth.
At the age of 19 years a right inguinal hemia was repaired and
a uterus, Fallopian tubes, and two gonads were found in the sac.

One year later at laparotomy for an acute abdomen the previous
findings of persistent Mililerian structures were firmed. Macro-
scopically the right testis was normal but the left gonad was

replaced by a tumour. This was removed and found to be a

seminoma. At the time of writing the patient was well and married
though infertile.

Patient B presented with a left inguinal hernia at the age of
16 years. He had been noted to have cryptorchidism on the right
and minimal glandular hypospadias at birth. At the age of 19
years the hernia was repaired and in the sac were found a uterus,

Details of Eight Cases in Four Sibships of Males with Persistent Mallerian Structures

Patient Age Presenting Symptom Exteral Genitalia Internal Genitalia Chromosomes
(Years) _l.

A 30 Right inguinal henia Bilateral cryptorchid, Testis, seminoma, uterus, Chromatin-negative
Par1 Z'urich normal penis 2 FlointubesPadr 1, Ziirich B 20 Left inguinal hernia Right cryptorchid, Hypoplaic testis, uterus, 46 XY

. glandular hyposadias 2 Fallopian tubes
C 5 Bilateral cryptorchidism Bilateral cryptorchid, Hypoplaic testes, uterus, 46 XY

Pair 2, Mexico D 4 Bilateral cryptorchidism Bilatn cryptorchid, 2 Fallopian tubes 46 XY
normal penis 2 Fallopian tubes

E 8 Left inguinal hernia Right Cryptochid, Testis, uterus, 46 XY

Pairf 3,Biu no a' 2 Fallopian tubesPi3,Beirut ^ F 4 Right inguinal hernia Left cryptorchid, Testis, uterus, 46 XY
normal penis 2 Fallopian tubes

G 9 Bilateral cryptorchidism Bilateral cryptorchid, Hypoplastic testes, 46 XY
Pair 4, n~~~~~~~~~~~~~~~~~~lormal penis uterusPair 4, Lausanne H 12 Bilateral cryptorchidism Bilateral cryptorchid, Hypoplastic testes, uterus, 46 XY

normal penis 2 Fallopian tubes
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two Fallopian tubes, and two gonads. Both of these showed
histological changes characteristic of cryptorchid testes, even though
the left was descended; there was tubular hypoplasia and atrophy
and absence of the germinal epithelium with proliferation of the
Leydig cells. In one part of the right gonad there was atypical
germinal cell proliferation, a change sometimes seen around a
seminoma and which could perhaps be interpreted as changes
of a seminoma in situ (fig. 2). The left testis was left in situ
in the scrotum and the remaining structures were replaced in the
abdomen. The patient remained well but had azoospermia.

FiG. 2-Histological specimen from right cryptorchid testis of patient B.

(x 120.)

PAIR 2
These two cases were seen at the Hospital de Pediatria,
Centro Medico Nacional, Mexico.
Patient C presented with bilateral cryptorchidism at the age of
5 years. He had been previously treated with chorionic gonado-
trophin but no testes were palpable in the inguinal canals. At
operation a uterus, two Fallopian tubes, two gonads, and two vasa

deferentia were removed. Histological iion showed some
hypoplasia of all testicular tissues, though epididymis, a vas, and
normal tunica albuginea were identified. These findings are not
definitely abnormal but there was a diminution in the number of
spermatogonia similar to that found in cryptorchid testes. The age
of the patient made interpretation of the findings difficult.

Patient D presented with his brother at the age of 4 years
also with bilateral cryptorchidism. The operative and histological
findings were identical.
PAR 3
These patients were seen in the department of paeditrics,
American University of Beirut.
Patient E presented at the age of 8 years with a left inguinal
hernia and a right undescended testis and hypoplastic scrotum on

that side. At the age of 4 years he had received chorionic gonado-
trophin without effect except for enlargement of the penis. The
left gonad was normal and freely mobile. At operation the right
mguinal canal was seen to be empty but the left hernial sac con-

tained a uterus and two Fallopian tubes. The left gonad pre-
sented a "cystic" appearance; its epididymis and vas were not clearly
identifiable. The uterus was attached on the right side to a

similar looking intra-abdominal gonad. All the structures were

removed. Histological examination of the gonads showed testicular
tissue, and, in addition, fetal epididymis and vas deferens were

found attached to each.
Patient F presented at the age of 4 years at the same time as his

brother because of a right inguinal hernia and left cryptorchidism.
He had had no treatment previously and his penis was norml.
The operative and histological findings were identical with those

of his brother except that the uterus was in the hernial sac on

the right.
PAR 4
Both of these patients were seen at the H6pital Cantonal

Universitaire, Lausanne.
Patient G was the oldest of three children, the second of whom

appeared entirely normal. He presented at the age of 9 years with
bilaterally undescended testes but with no other abnormal physical
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signs. At operation bilateral intra-abdominal gonads were found
which were shown histologically to be hypoplastic testes. A hypo-
plastic uterus was felt in the retroperitoneal space. The testes were
placed in the scrotum and subsequent development of secondary
sex characteristics was normal.

Patient H was first seen at the age of 6 years with his oldest
brother. He, too, appeared normal except for bilateral cryptor-
chidism, but for social reasons operation was not performed at
that time. It was not until seven years later that he was seen again,
by which time he was in early puberty. An exploratory laparotomy
showed a uterus, Fallopian tubes, and two gonads which proved
to be hypoplastic testes.

Discussion

The interest of the familial occurrence of persistent Miillerian
structures in chromosomally normal males with testes lies in
the implications i;t has for the physiology of sexual differentia-
tion in the fetus. Jost (1947) showed that female organogenesis
follows a straight developmental line; the presence of a Y
chromosome confers maleness through the differentiation of a
testis on a system which would otherwise become female. In
order to achieve masculinization the fetal testis inhibits the
Mullerian duots, stimulates the Wolfflan ducts, and mascu-
linizes the other parts of the reproductive tract. Testosterone
has the same masculinizing effect bu-t does not inhibit the
Miillerian system. The fetal testis, it seems, elaborates both
a masculinizing hormone, which may be testositerone, and a
Miillerian-inhibiting substance. Experiments with an androgen
antagonist, cyproterone acetate, have confirmed this by show-
ing prevention of masculinization without prevention of the
suppression of Miillerian structures (Elger, 1966).

Josso (1972a) showed that the Millerian-inhibiting substance
is produced by the fetal testis at an early stage of gestation
but not by postnatal testes. The substance, which is probably
produced by the Sertoli cells of the seminiferous tubules
(Josso, 1973), is likely to have a molecular weight of over
15,000 and cannot therefore be a steroid (Josso, 1972b). A
fetal protein seems more likely, which would be consistent
with 'the finding that the inhibiting substance is no longer
present in postnatal testes, since it is known that many fetal
proteins are not elaborated after birth.
The production of two substances by the fetal testis explains

many of ,the problems of initersex. Inadequate androgen
secretion at the time of organogenesis accounts for the genital
ambiguities of patients with defects in testosterone biosynthe-
sis. In testicular feminization there is peripheral androgen in-
sensitivity, so that although testosterone levels reach the nor-
mal range for males (French et al., 1966) these patients have fe-
male genitalia with complete suppression of Miillerian struc-
tures. In cases of males with persistent Miillerian structures
the male external genitalia are well developed and androgen
secretion must therefore be normal both in the fetal period
and later, as the masculine habitus of pair 1 and the normal
puberty of pair 4 in the present report indicate. Patient B did
have minimal glandular hypospadias, but as this is such a
common malformation (Petersson, 1964) and is not usually
found in this syndrome we do not feel that its presence in
this case was more than coincidental.
The present findings are explicable, therefore, only on the

basis of a failure of the fetal testis to produce the Mililerian-
inhibiting substance or failure of the tissues to respond to it
or, as timing in these events appears to be critical (Jost, 1972),
the elaboration of the substance when the tissues are no longer
able to respond to it. Which of these possibilities is correct
must await identification of the substance and its experimental
use.
The familial incidence raises the question of the mode of

inheritance. In one report (Guell-GonzAilez et al., 1970) a

maternal cousin had bilateral cryptorchidism and may also
have had this condition, but as the exaot relationship to the
probands was not described it is not possible to speculate
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further. Since there were apparently normal male siblings in
the families of pairs 1 and 4, and in others reported in the
literature, the condition must be inherited either as an auto-
somal recessive or as a sex-linked recessive character. Eluci-
dation of the exact mode of inheritance requires a search for
the abnormality in succeeding generations. Though patients
with this condition have been reported to be fertile (Nilson,
1939; Young, 1951) proof of paternity in these cases has been
lacking. The one report of a spermogram (Giacobine, 1946)
showed a reduced total count with few motile sperms and
35% atypical forms: both pa-tients in pair 1 had azoospermia.
Since one report in the literature concerns the improbable
case of a man with bilateral cryptorchidism having eight child-
ren (Keiffer, 1909) the evidence for fertility as a whole seems
somewhat questionable.

In view of the high incidence of cryptorchidism in this
condition, and the finding in patients B, E, and F that
the descended testis was also hypoplasrtic, a lack of fertility
would not be surprising, but more fundamental questions
about cryptorchid testis are raised by this. It is not known
why the normal testis descends nor whether cryptorchid testes
are primarily or secondarily hypoplastic (Salle et al., 1968); the
present cases favour the former, since the descended testes
were abnormal. A possible explanation for the syndrome
could be that though androgens are produced normally by
the interstitial cells Mullerian-inhibiting substance is not pro-
duced by the hypoplastic seminiferous tubules. If this were
correct, however, persistent Mullerian structures would occur
more frequently in cryptorchid subjects whose testes are not
histologically different from those of the present patients. An
inherited error in the production of or response to Miillerian-
inhibiting substance is therefore more likely.

It is well known that malformed structures have a greater
than normal incidence of malignancy, which explains the
increased incidence of neoplasia in cryptorchid testes whether
or not they are surgically placed in the scrotum (Robinson
and Engle, 1954). Presumably this is the reason for the seem-
ingly high incidence of malignancy in men with persistent
Mullerian structures reported in the literature-seminoma
(Boulvin, 1964, and patient A), choriocarcinoma (Taub, 1954),

embryonal carcinoma (Metcalfe, 1930), and teratoma (Dvorak,
1924; d'Arcy McCrea, 1930). There is, however, no good evi-
dence that the cryptorchid testes of these patients are more
susceptible to malignant change than the testes of "normal"
oryptorchid subjects, and we do not agree with Jirasek (1971)
that there is more indication than is usual in cryptorchid
subjects to remove ,the testes of these individuals.

We are grateful to Professor Hedinger (Zurich) for his advice on
testicular histology and to Dr. Nathalie Josso (Paris) for her helpful
criticism of the manuscript. C.G.D.B. gratefully acknowledges the
financial support of the Weilcome Trust.
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Summary
The high proportion of unrefined carbohydrates (maize meal)
in the diet of Africans could be responsible for their low in-
sulin secretion. The consequent insulinopenia in the general
African population may explain the comparative rarity of
typical non-insulin dependent diabetes mellitus, and also the
virtual absence of coronary heart disease. Changes in growth
hormone secretion and in serum lipids, known to be associ-
ated with diabetes in Europeans, are aiso found in African
patients.
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Introduction

Diabetes mellitus was thought to be a rare disease in the in-
digenous populations of Africa (Tulloch, 1966), and coronary
thrombosis as a complication is virtually unknown (Jackson
et al., 1966; Seftel and Walker, 1966). In this paper an at-
tempt is made to determine how far the characteristic features
of diabetes in Africans can be related to diet and to insulin
and growth hormone secretion.

Patients and Methods

In 1971, 107 newly diagnosed diabetic patients were admitted
to Harare Hospital for stabilization. Of these, 20 were al-
ready receiving insulin and, of the remaining 87, 76 were
selected at random for serum insulin assay before starting
treatment. After an overnight fast, venous blood was collec-
ted for insulin assay (Hales and Randle, 1963) from 42 of
these patients during a 50-g oral glucose tolerance test.
The results for insulin secretion during the glucose toler-

ance test from the healthy contrast group of 50 urban male


