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other causes not considered inevitable led to six times as
many deaths as anaesthesia.
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Sex determination and the
H-Y antigen
The process of sex determination in mammals has become at
least partially clarified in the last ten years. The correlation
found in the late 1950s and the early 1960s between the Y
chromosome and the development of testes had shown that
normally the indifferent gonad would develop into a testis
when a Y chromosome was present and into an ovary when
there was no Y chromosome. In contrast, in birds and some
lower vertebrates the female is heterogametic (ZW) and the
male homogametic (ZZ), and the presence of a W chromosome
determines ovarian formation.

Observations made on patients and animals with an
aberrant sex chromosome complement (for instance, the XO
female in man and the mouse'-3) or where the phenotypic sex
does not agree with the genetic sex (Sxr in the mouse, the "P"
gene in the goat,5 Tfm in the mouse and man,6 XY females in
the wood lemming,7 XY pure gonadal dysgenesis in man,8
XX human males,8 XX true hermaphrodites, and XX/XY
bovine9 and murine chimeras6 10) suggested that autosomal sex-
limited or sex-linked genes affecting sex determination were
fairly widespread among different animal species.
By 1970, while it was clear that a Y chromosome was

necessary to mediate testicular development, it was still
uncertain how the Y chromosome carried out this function, and
the search for a factor controlled by a Y-linked gene intensified.
One possible candidate was the H-Y antigen, a weak trans-
plantation antigen that had been discovered in 1955,11-13 when
it was shown that within certain highly inbred strains of mice
grafts from males to females were rejected whereas grafts
exchanged between other sex combinations were uniformly
accepted. In 1971 the H-Y antigen was identified serologically
using a sperm cytoxicity test, and with the development of
other and more satisfactory serological tests'2 14 15 some of the
problems associated with the detection of this antigen have
been overcome.

In most cases the presence of the H-Y antigen is necessary
to guarantee the masculinisation of the indifferent gonad. The
presence of the antigen is usually-but not invariably-
correlated with the presence of a Y chromosome. There are
exceptions: for instance, no Y chromosome can be detected in
H-Y-positive XX males, true hermaphrodites, and pseudo-
hermaphrodites in man,617 the mouse,'8 and the dog.'9
Various hypotheses have been postulated to explain these
findings ranging from translocation of the Y chromosome
material to the presence of X-linked or autosomal modifier
genes. The reverse also occurs: XY females with pure gonadal
dysgenesis20 are H-Y negative, and nearly half of the pheno-

typic females of the wood lemming studied have been shown
to have XY sex chromosomes and yet to be H-Y negative.21
In the latter case whether or not XY animals are H-Y positive
seems to determine whether they develop testes and become
normal males; if they are H-Y negative they do not develop
testes and become females. The postulated explanation is that
a mutation at an X-linked locus has blocked the expression of
the H-Y antigen-which implies that it requires at least two
loci for its control.2' This, taken together with other evidence,
suggests that in normal circumstances the structural H-Y
locus may not be situated on the Y chromosome but is in fact
on the X chromosome or perhaps on an autosome. Neverthe-
less, the H-Y locus may be controlled by a regulator gene on
the Y chromosome whose function may become translocated
or taken over by mutant genes.
The main question now remaining to be answered is whether

the H-Y antigen is the cell surface component which causes
the indifferent gonad to masculinise or whether it is produced
by the male as a result of masculinisation of the indifferent
gonad under the influence of some other factor controlled by
the Y chromosome.
The most likely hypothesis seems to be that the H-Y

antigen is the substance which causes the indifferent gonad
in the heterogametic sex to develop to testes in XY mammals
or to an ovary in ZW birds. The supporting evidence may be
summarised as follows. Firstly, the antigen is highly conserved
in evolution, cross-reacting throughout the higher vertebrates
at least down to the fish and amphibia.22 23 Secondly, the H-Y
antigen can be found on half of eight-cell embryos in the
blastocyst.24 Thirdly, it has been mapped close to the centro-
mere on the short arm of the human Y chromosome.25
Fourthly, the XY cells in the predominantly sex-reversed
gonads of the bovine freemartin26 and XX gonadal cells which
become sertoli and Leydig cells in chimeric testes of the mouse
have been shown to be H-Y positive27 and XX sex-reversed
males in the mouse and man have been shown to be H-Y
positive.18 Fifthly, a series of cellular reaggregation experi-
ments28 29 have shown that when free cell suspensions of
newborn testicular cells were lysostripped by an excess ofH-Y
antibody the cells reaggregated to form structures like ovarian
primordial follicles. Conversely, a free suspension of bovine
fetal ovarian cells exposed to H-Y antigen reaggregated to form
seminiferous tubule-like structures.30 Finally, some more
recent experiments23 have suggested that testicular organo-
genesis depends on two components-the ubiquitously expres-
sed H-Y antigen and its specific receptors, which are expressed
by gonadal cells of both sexes. It is only the H-Y antigen
expression that is confined to the heterogametic sex. All the
biological activities of the H-Y antigen have been found to
reside in a small peptide chain of molecular weight 20 000,
which has been defined as the H-Y antigen active site.

In conclusion, then, the evidence suggests that the
Y-chromosome acts on testicular organogenesis through a
Y-linked gene locus, which mediates the production of the
H-Y antigen either by regulating a structural locus situated
elsewhere in the genome or from a Y-linked structural locus
itself. This antigen is ubiquitous and highly conserved during
evolution and controls gonadal determination in the hetero-
gametic sex.
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Cure and survival in
childhood cancer
Survival for five years after the diagnosis and treatment of
malignant disease in childhood is often thought of as synony-
mous with cure. This was probably the case with the early
successes, when the survivors were mostly confined to patients
whose disease was localised at diagnosis and completely
removed surgically, or whose residual disease was eradicated
by radiotherapy or short courses of chemotherapy. What is
the outcome with longer follow-up?

Li et all have recently reported on the course of five-year
survivors of childhood cancer in two large series, one from a
group of co-operating institutions in the United States, and
the other from patients treated at the Sidney Farber Cancer
Institute. In the first study, 1807 patients from a total of 6153
diagnosed between 1950 and 1969 were alive five years later
and in the second 425 out of 3631 (the lower proportion in the
second series was due to excluding patients from analysis if
they had not been referred to the institution within two months
of diagnosis). In both groups roughly a further 1000 died in
the next five years, and the life table analyses showed projected
survival of 8300 and 7900 respectively at 25 years-com-
pared with an expected 97%1' in the general population.
Clearly survival falls off after five years and continues to do so
for a considerable time, and in these series the survival curve
had not joined that of the general population at 25 years. Most
of the deaths occurred in patients who had already suffered
one relapse before entry to the study, and the chance of
survival to 15 years in this group was only 5400, compared
with 920 0 in those who were in their first remission. One-third
of the patients who subsequently died had leukaemia. Five
deaths were due to second primary neoplasms, and seven to
the effects of anti-cancer treatment.

Throughout the 1970s the trend has been to use more
intensive chemotherapy programmes and to combine them
with radiation. More effective treatment has led to many more

children being free of disease five years after diagnosis. We
cannot yet ascertain whether these children are really cured or
whether the time of relapse has merely been delayed. The
data of Li and colleagues suggest that the risk of late recurrence
is maximal between five and nine years, and if intensification of
treatment is simply delaying relapse it seems likely to occur at
that stage. Beyond ten years from diagnosis the more important
causes of morbidity and mortality are second primary neo-
plasms and the effects of treatment.2 3 The size of the problem
of second primary tumours, both benign and malignant, is
still unknown. One specific association is that with osteogenic
sarcoma, both within and remote from the radiation field,
in survivors of retinoblastoma; tumours of other types may
also be commoner in these patients and their relatives, suggest-
ing a genetic predisposition to the development of malignancy.
The second largest group of long-term survivors in the series
described by Li et al was made up of children with nephro-
blastoma-the most common primary tumour in children who
developed second tumours in Meadows's report.2
The frequency ofsecond primary tumours in retinoblastoma

and nephroblastoma may reflect the higher rates of survival in
these groups, genetic predisposition, or the direct effects of
treatment. Clearly data on long-term survivors must be based
on treatments that are to some extent outdated. Nevertheless,
the findings by Li et al show the need for careful follow-up of
all long-term survivors of malignant disease in childhood.
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Poisoning and enuresis
"He still wets the bed, doctor." Too often this afterthought,
produced as the mother is leaving the consulting room, induces
a reflex stretching of the hand to the prescription pad for a
tricyclic antidepressant. Use of the word enuresis has raised
bed-wetting to the status of a disease that requires a drug to
cure it-when in fact in most cases the child is normal.
About half of children are dry at night by the age of 2, 75O0' by

3, and 9000 by 5 years. The annual spontaneous cure rate after
five years is 140o.1 If the child is less than 5 years old excluding
physical disease by examination ofthe urine for sugar, albumin,
and infection and explaining the range of normality should be
enough to satisfy the parents, and often is. Treatment is
indicated only in older children, and the choice lies between
incentive schemes using tokens such as coloured paper stars, a
buzzer-and-pad waking device, or a tricyclic antidepressant.
The waking device produces a long-term cure in 80% of
children,2 but an antidepressant will suppress wetting com-
pletely in only about 300 ,3 and within three months of
stopping treatment many will be wet again.3 This high relapse
rate is acknowledged by one of the manufacturers of anti-
depressants, who provides free books of stars for use with its
drugs.
Why are buzzers not used more frequently ? Large numbers

are available for loan in paediatric outpatient clinics, and many
school clinics have a supply. District supplies officers can be
persuaded to hold a stock, but doctors find it easier to write a
prescription for an antidepressant than to persuade an
administrator to buy, supply, and service the equipment. If
antidepressants were completely safe their low success rate
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