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SUMMARY

A 2-year-old boy was found to have a 47,XXX karyotype. Restrictionfragment-length-polymorphism analysis showed that, of his three X
chromosomes, one is of paternal and two are of maternal origin. The
results of Y-DNA hybridization were reminiscent of those in XX
males in two respects. First, hybridization to Southern transfers revealed the presence in this XXX male of sequences derived from the
Y-chromosomal short arm. Second, in situ hybridization showed that
this Y DNA was located on the tip of the X-chromosomal short arm.
We conclude that this XXX male resulted from the coincidence of
X-X nondisjunction during maternal meiosis and aberrant X-Y interchange either during or prior to paternal meiosis.

INTRODUCTION

The basis of testis differentiation in the absence of a Y chromosome has recently begun to be understood (de la Chapelle 1986; Page 1986). Much of the
progress in this field has come from the study of so-called XX males, who are
phenotypic males with a 46,XX karyotype (de la Chapelle 1981). The genomes
of most XX males contain DNA originating from the Y chromosome (Guellaen
et al. 1984; Page et al. 1985; Affara et al. 1986; Muller et al. 1986; Vergnaud et
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al. 1986). In such XX males, the Y-chromosomal DNA is found on the end of
the short arm of one of the X chromosomes (Andersson et al. 1986), where it
has been transferred through an abnormal X-Y interchange in the meiosis of the
father (D. C. Page and A. de la Chapelle, unpublished data), as predicted
(Ferguson-Smith 1966; Polani 1982). Testes develop in such XX males because
the testis-determining factor (TDF), which has been mapped to distal Yp (Page
1986; Vergnaud et al. 1986), is among the Y-chromosomal DNA sequences that
they possess.
A more uncommon type of male apparently lacking a Y chromosome is the
45,X male. Evidence from a small number of patients indicates that 45,X
maleness can be due either to translocation of Y DNA to an autosome (Disteche et al. 1986; Maserati et al. 1986; Gal et al. 1987) or to mosaicism involving
an intact Y chromosome (de la Chapelle et al. 1986).
In the present paper we describe the basis of maleness in a third type of male
without a Y chromosome, viz., the 47,XXX male.
CASE REPORT

The proband was born at term with a weight of 3.4 kg and a height of 51 cm.
He appeared normal except for simian creases of the palms, clinodactyly of the
fifth fingers, and slight webbing of the neck with an excess of nuchal skin.
Chromosome analysis performed to rule out Down syndrome showed a
47,XXX karyotype.
At age 5 mo the habitus (fig. IA) and psychomotor development were nor-
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FIG. 1.-The patient (A) and close-up of his external genitalia (B) at age 5 mo
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FIG. 2.-The patient (A) and close-up of his external genitalia (B) at age 2 years, 4 mo

mal. The penis was normal; there were two scrotal testes of normal size (fig.
I B), and cystoscopy revealed no evidence of vaginal remnants. A cystogram
showed low-grade refiux on the left side but was otherwise unremarkable, as
was an intravenous pyelogram. Serum luteinizing hormone, follicle-stimulating
hormone, and testosterone were in the normal range for a boy of his age.
At age 2 years 4 mo the boy still appeared healthy (fig. 2A). He had started to
walk and say his first words at 13 mo. Psychomotor development was judged to
be normal. He was somewhat short and obese, measuring 87.5 cm (-1I SD) and
weighing 14.5 kg (+ 1 SD). The external genitalia were normal, with a testicular
volume of 0.8 ml (fig. 2B).
Testicular Histology
Small biopsies (1 x 1 x 3 mm) were taken from the distal pole of each testis,
as far away as possible from the rete testis. Portions of the specimens were
used to initiate tissue cultures for chromosomal investigation. The remaining
tissue was fixed in 5% glutaraldehyde and processed for light and electron
microscopy (Lackgren and Ploen 1984). The histology revealed testicular tissue
with abundant tubules and normal tubular membranes. An examination of 100
tubular cross sections per testis, using semithin Epon sections, revealed no
germ cells; the tubules contained only Sertoli cells. The interstitium contained
few cells and no mature Leydig cells (findings normal for the proband's age).
No ovarian elements were seen.
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The Family
At the patient's birth in 1984 his mother was age 38 years and his father age
39 years. There was no consanguinity. The patient was the fourth child, having
a brother born in 1968, a sister born in 1971, and a brother born in 1979. All
family members were healthy. However, like the proband, both the father and
the older brother had bilateral simian creases and bilateral clinodactyly of the
fifth fingers.
METHODS

Cytogenetic Studies
Chromosome studies of the patient were performed using cells from peripheral blood, skin, and testis cultured by means of standard techniques. Blood
cells from the parents and sibs were studied. Our method for G-banding has
been previously described elsewhere (Borsgaird et al. 1974).
Molecular Studies
DNA extraction and gel-transfer hybridization.-DNA was prepared from
blood leukocytes or cultured skin fibroblasts by means of published methods
(Kunkel et al. 1977). Restriction digestion, electrophoresis, transfer, and hybridization of DNA were performed according to methods described elsewhere
(Page and de la Chapelle 1984).
DNA probes detecting Y-specific restriction fragments are listed in table 1.
Probe Stl4-1 (DXS52; Oberle et al. 1985) detects, at high stringency, an Xlinked TaqI restriction-fragment-length polymorphism (RFLP).
In situ hybridization.-Metaphases for use in in situ hybridization were obtained from Epstein-Barr virus-transformed lymphoblastoid cell cultures. Airdried chromosome preparations were hybridized with 3H-labeled DNA probe
according to standard techniques (Chandler and Yunis 1978; Harper and Saunders 1981) described elsewhere (Andersson et al. 1986). Probe pDP105, 3Hlabeled to a specific activity of 9 x 106 cpm/pug, was used at a concentration of
30-40 ng/ml.
RESULTS

Cytogenetic Studies
The patient's karyotype (fig. 3) was 47,XXX as judged by the study of 100
metaphases from each of the following: blood lymphocytes (on two occasions),
skin fibroblasts, testis fibroblasts, and Epstein-Barr virus-transformed lymphoblasts. There was no indication of any structural abnormality of any of the
three X chromosomes. Blood cultures from the parents and sibs had normal
karyotypes.
Molecular Studies
Parental derivation of the X chromosomes.-To determine the parental origin of the proband's X chromosomes, the proband and parents were typed for
X-linked RFLPs. Among these, the polymorphism detected by probe St14-1
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FIG. 3.-A trypsin-Giemsa-banded karyotype from a blood culture of the proband showing
47,XXX.

was informative. When hybridized to TaqI digests of genomic DNAs, probe
St 14-1 detected the following allelic fragments: in the father, a 4.5-kb fragment;
in the mother, a 4.8-kb fragment (for which she is homozygous); and in the
47,XXX son, 4.5- and 4.8-kb fragments, the 4.8-kb fragment being twice as
intense as the 4.5-kb fragment (fig. 4). Thus, the proband has one paternal and
two maternal X chromosomes.
Presence of Y-chromosomal DNA.-By means of a panel of probes detecting different parts of the normal Y chromosome (Page 1986; Vergnaud et al.
1986), the genome of the proband was examined for the presence of DNA
derived from the Y chromosome. These studies indicated that the 47,XXX
male carries deletion intervals 1-3 of the Y chromosome (table 1). Thus, he
appears to carry the same portion of the short arm as is found in class 3 XX
males (Vergnaud et al. 1986). The father appears to have an intact Y chromosome, and there is no evidence of Y DNA in the mother.
Localization of Y chromosome-specific DNA.-To determine the chromosomal localization of the Y-specific DNA, probe pDP105 was hybridized in situ
to metaphase chromosomes from the proband. It had previously been shown
that, by means of in situ hybridization on normal 46,XY males, pDP105 intensely labels the Y chromosome but does not significantly label any other
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FIG. 4.-Hybridization of TaqI-digested DNAs from the parents and 47,XXX male proband with
Stl4. The sizes of the allelic restriction fragments are indicated. The other fragments are not
polymorphic.

chromosome (Andersson et al. 1986). Thirty-nine metaphase cells from the
XXX male proband were scored. The tip of the short arm of one X chromosome (Xp22) was labeled in 34 (87%) of the 39 metaphases (fig. 5). Of a total of
176 chromosomal grains, 40 (23%) were on one Xp22. Several clusters consisting of 2-4 grains were observed on Xp22; these were counted as one grain. No
other site was preferentially labeled, as shown on the histogram (fig. 6). These
results demonstrate that the Yp material present in the proband has been transferred onto the distal short arm of an X chromosome.
DISCUSSION

Our patient is the second 47,XXX male reported in the literature, the first
being the 18-year-old patient described by Bigozzi et al. (1980). Detailed clinical comparisons of the two patients are difficult because of the difference in
age. Common features are a male habitus, male external genitalia, and a male
psychosexual orientation. Since the patient of Bigozzi et al. (1980) was 177 cm
in height and ours was 1 SD below normal, increased height would not seem to
be a feature of XXX maleness. Minor dysmorphic features in our patient led to
the first chromosome study; however, since these features also occurred in the
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FIG. 5.-A lymphoblast mitosis after in situ hybridization with probe pDPl05, showing a cluster
of grains on the terminal portion of the short arm of one X chromosome (large arrow). The small
arrows indicate the other two X chromosomes, which are unlabeled.

father and a brother, who were otherwise entirely normal, they may be unrelated to the 47,XXX karyotype. A detailed comparison of the testicular histologies is not meaningful owing to the difference in age between the patients. It
seems likely that our XXX male will be infertile. First, he lacks Yq, which may
carry a gene or genes essential to spermatogenesis (Tiepolo and Zuffardi 1976).
Second, the sterility of XXY, XXXY, and XXXXY males, all of whom appear
to have intact Y chromosomes, suggests that having more than one X chromosome is incompatible with male fertility. We cannot exclude the possibility that
one or both of the patients is or will become mildly mentally subnormal. Thus,
testicular dysgenesis is the only clinical feature common to these two 47,XXX
males, who are otherwise normal or near normal. This is not unexpected in
view of the fact that neither 46,XX males (de la Chapelle 1981) nor 47,XXX
females (Robinson et al. 1982) have invariable somatic or mental abnormalities.
Our proband is male because his genome contains the testis-determining
portion of the Y chromosome. The Southern hybridization results indicate that
the Y sequences that he possesses correspond to intervals 1-3 on Yp, as is
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FIG. 6.-Histogram showing the distribution of 176 grains on the chromosomes

commonly seen in XX males (Vergnaud et al. 1986). The segregation of the Xlinked RFLP detected by means of probe St14 shows that he has received his
father's X, and the in situ hybridization indicates that one of his three X
chromosomes is the carrier of the Y DNA. Taken together, these data strongly
suggest that an abnormal X-Y interchange occurred either during or prior to his
father's meiosis. Thus, this XXX male arose by a process essentially identical
to that by which many XX males arise (de la Chapelle 1986; Page 1986).
The segregation of probe St14 indicates that two of the proband's three X
chromosomes are derived from his mother. This is commonly the case in
47,XXX females and 47,XXY males (Summitt 1981) and is usually attributed to
meiotic nondisjunction of the X chromosomes in the mother's meiosis. Such
nondisjunction is age dependent, its frequency rising with increasing maternal
age (Hassold and Chiu 1985). The relatively high age of the mother (38 years) at
the birth of our proband is compatible with this notion. According to this
hypothesis, the proband was formed by the fertilization of a 24,XX ovum by a
23,X sperm in which the X chromosome had acquired a testis-determining
portion of Yp at paternal meiosis. If maternal X-X nondisjunction occurs in
approximately one meiosis in 1,000 (Summitt 1981) and XX males have an
incidence of approximately one in 20,000 newborn males (de la Chapelle 1981),
then the coincidence of these events, resulting in an XXX male, might be
expected approximately once in 20 million male births.
ACKNOWLEDGMENTS
We thank J.-L. Mandel, K. Smith, J. Weissenbach, and J. Wolfe for DNA probes and
Mikael Lindlof and Anna-Elina Lehesjoki for help with some Southern hybridizations.
This work was supported by grants from the Sigrid Juselius Foundation, The Academy
of Finland, the Folkhalsan Institute of Genetics, and the National Institutes of Health.

XXX MALE

603

REFERENCES
Affara, N. A., M. A. Ferguson-Smith, J. Tolmie, K. Kwok, M. Mitchell, D. Jamieson,
A. Cooke, and L. Florentin. 1986. Variable transfer of Y-specific sequences in XX
males. Nucleic Acids Res. 14:5357-5387.
Andersson, M., D. C. Page, and A. de la Chapelle. 1986. Chromosome Y-specific DNA
is transferred to the short arm of the X-chromosome in human XX males. Science
233:786-788.
Bigozzi, U., G. Simoni, E. Montali, L. Dalpra, F. Rossella, M. Piazzini, and A. Borghi.
1980. 47,XXX chromosome constitution in a male. J. Med. Genet. 17:62-66.
Bishop, C., G. Guellaen, D. Geldwerth, M. Fellous, and J. Weissenbach. 1984. Extensive sequence homologies between Y and other human chromosomes. J. Mol. Biol.
173:403-417.
Borsgird, J. I., K. J. Sabel, and J. Wahlstrom. 1974. A case of trisomy-G with a
simultaneous and balanced D-D translocation. Hereditas 77:159-161.
Chandler, M. E., and J. J. Yunis. 1978. A high resolution in situ hybridization technique
for the direct visualization of labeled G-banded early metaphase and prophase
chromosomes. Cytogenet. Cell Genet. 22:352-356.
de la Chapelle, A. 1981. The etiology of maleness in XX men. Hum. Genet. 58:105-116.
. 1986. Sex reversal: genetic and molecular studies on 46,XX and 45,X males.
Cold Spring Harbor Symp. Quant. Biol. 51:249-255.
de la Chapelle, A., D. C. Page, L. Brown, U. Kaski, T. Parvinen, and P. A. Tippett.
1986. The origin of 45,X males. Am. J. Hum. Genet. 38: 330-340.
Disteche, C. M., L. Brown, H. Saal, C. Friedman, H. C. Thuline, D. I. Hoar, R. A.
Pagon, and D. C. Page. 1986. Molecular detection of a translocation (Y;15) in a 45,X
male. Hum. Genet. 74:372-377.
Ferguson-Smith, M. A. 1966. X-Y chromosomal interchange in the aetiology of true
hermaphroditism and of XX Klinefelter's syndrome. Lancet 2:475-476.
Gal, A., B. Weber, G. Neri, A. Serra, U. Muller, W. Schempp, and D. C. Page. 1987. A
45,X male with Y-specific DNA translocated onto chromosome 15. Am. J. Hum.
Genet. 40:477-488.
Geldwerth, D., C. Bishop, G. Guellaen, M. Koenig, G. Vergnaud, J. L. Mandel, and J.
Weissenbach. 1985. Extensive DNA sequence homologies between the human Y and
the long arm of the X chromosome. EMBO J. 4:1739-1743.
Guellaen, G., M. Casanova, C. Bishop, D. Geldwerth, E. Andre, M. Fellous, and J.
Weissenbach. 1984. Human XX males with Y single-copy DNA fragments. Nature
307:224-226.
Harper, M. E., and G. F. Saunders. 1981. Localization of single-copy DNA sequences
on G-banded human chromosomes by in situ hybridization. Chromosoma 83:431-439.
Hassold, T., and D. Chiu. 1985. Maternal age-specific rates of numerical chromosome
abnormalities with special references to trisomy. Hum. Genet. 70:11-17.
Kunkel, L. M., K. D. Smith, S. H. Boyer, D. S. Borgaonkar, S. S. Wachtel, 0. J.
Miller, W. R. Breg, H. W. Jones, and J. M. Rary. 1977. Analysis of human Ychromosome-specific reiterated DNA in chromosome variants. Proc. Natl. Acad. Sci.
USA 74:1245-1249.
Lackgren, G., and L. Ploen. 1984. The morphology of the human undescended testis
with special reference to the Sertoli cell and puberty. Int. J. Androl. 7:23-38.
Maserati, E., F. Waibel, B. Weber, M. Fraccaro, A. Gal, F. Pasquali, W. Schempp, G.
Scherer, R. Vaccaro, J. Weissenbach, and U. Wolf. 1986. A 45,X male with a
Yp/18 translocation. Hum. Genet. 74:126-132.
Muller, U., M. Lalande, R. Donlon, and S. A. Latt. 1986. Moderately repeated DNA
sequences specific for the short arm of the human Y chromosome are present in XX
males and reduced in copy number in an XY female. Nucleic Acids Res. 14:13251340.

604

ANNERtN ET AL.

Oberle, I., D. Drayna, G. Camerino, R. White, and J. L. Mandel. 1985. The telomeric
region of the human X chromosome long arm: presence of a highly polymorphic DNA
marker and analysis of recombination frequency. Proc. Natl. Acad. Sci. USA
82:2824-2828.
Page, D. C. 1986. Sex reversal: deletion mapping the male-determining function of the
human Y chromosome. Cold Spring Harbor Symp. Quant. Biol. 51:229-235.
Page, D. C., and A. de la Chapelle. 1984. The parental origin of X chromosomes in XX
males determined using restriction fragment length polymorphisms. Am. J. Hum.
Genet. 36:565-575.
Page, D. C., A. de la Chapelle, and J. Weissenbach. 1985. Chromosome Y-specific
DNA in related human XX males. Nature 315:224-226.
Page, D. C., B. de Martinville, D. Barker, A. Wyman, R. White, U. Francke, and D.
Botstein. 1982. Single-copy sequence hybridizes to polymorphic and homologous loci
on human X and Y chromosomes. Proc. Natl. Acad. Sci. USA 79:2352-2356.
Page, D. C., M. Harper, J. Love, and D. Botstein. 1984. Occurrence of a transposition
from the X-chromosome long arm to the Y-chromosome short arm during human
evolution. Nature 311:119-123.
Polani, P. E. 1982. Pairing of X and Y chromosomes, non-inactivation of X-linked genes
and the maleness factor. Hum. Genet. 60:207-211.
Robinson, A., B. Bender, J. Borelli, M. Puck, J. Salbenblatt, and L. Webber. 1982. Sex
chromosomal abnormalities (SCA): a prospective and longitudinal study of newborns
identified in an unbiased manner. Pp. 7-39 in D. A. Stewart and S. C. Greene, eds.
Children with sex chromosome aneuploidy: follow-up studies. Alan R. Liss., New
York.
Summitt, R. L. 1981. Abnormalities of the sex chromosomes. Pp. 63-89 in M. M.
Kaback, ed. Genetic issues in pediatric and obstetric practice. Year Book Medical,
Chicago and London.
Tiepolo, L., and Zuffardi, 0. 1976. Localization of factors controlling spermatogenesis
in the non-fluorescent portion of the human Y chromosome long arm. Hum. Genet.
34:119-124.
Vergnaud, G., D. C. Page, M.-C. Simmler, L. Brown, F. Rouyer, B. Noel, D. Botstein,
A. de la Chapelle, and J. Weissenbach. 1986. A deletion map of the human Y chromosome based on DNA hybridization. Am. J. Hum. Genet. 38:109-124.
Wolfe, J., S. Darling, R. Erickson, I. Craig, V. Buckle, P. Rigby, H. Willard, and P.
Goodfellow. 1985. Isolation and characterization of an alphoid centromeric repeat
family from the human Y chromosome. J. Mol. Biol. 182:477-485.

