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Abstract

Several lines of evidence suggest
that the sex chromosomes have a
role in the expression of schizo-
phrenia. Gender differences in
response to treatment, age at
onset of illness, and prognosis
indicate an influence of sex in
differential expression of schizo-
phrenia. On the basis of a
higher-than-expected concordance
for sex among siblings with
schizophrenia, as well as the
findings of cytogenetic abnor-
malities of the sex chromosomes
in some schizophrenia patients, a
pseudoautosomal location for a
schizophrenia susceptibility locus
has been proposed. To test this
hypothesis, we investigated ge-
netic linkage of the pseudo-
autosomal region to schizophre-
nia in a large Swedish kindred.
Using pairwise analyses we
tested eight markers spanning
the most telomeric region to the
boundary of the sex-specific re-
gion. In addition, we used multi-
point analysis with five markers
spanning the region to test for
the presence of a schizophrenia
susceptibility locus in the
pseudoautosomal region. No evi-
dence was found for linkage to
schizophrenia under the given
genetic model: “autosomal” dom-
inant, f (penetrance) = 0.72, g
(gene frequency) = 0.02, phe-
nocopies = 0.001.

Schizophrenia Bulletin, 20(2):
277-286, 1994.

Although schizophrenia seems to
have equal incidence and preva-
lence among men and women,
there are clear gender differences
in the clinical expression of the
disease. Numerous studies have
observed differential age at onset,

course of illness, and clinical spec-
trum of symptoms in male and
female schizophrenia patients (re-
viewed in Seeman 1982).

Although lifetime risk is about
the same for males and females,
differences in the distributions of
age at onset between males and
females have been observed for
over 100 years (see Lewine et al.
1981). The peak age at onset of
schizophrenia is significantly later
for females (Penrose 1945/1991;
Lewine et al. 1981; Loranger 1984;
Flor-Henry 1985). The mean age at
onset is approximately 5 years
earlier in male than in female pa-
tients (Loranger 1984). In addition,
the course of illness in females is
significantly less severe than in
males (Sartorius et al. 1978;
Salokangas 1983; Watt et al. 1983;
Seeman 1986). The prognosis is
clearly poorer for men than for
women (Salokangas 1983), as
judged by several criteria: recur-
rence rates, work record, marriage
rates, sociability, chronicity, and re-
sponse to neuroleptic treatment
(reviewed in Seeman 1982, 1986).
Differences also appear in the
clinical spectrum of symptoms.
Some studies suggest that females
have a tendency toward more af-
fective illness and paranoia, while
males have more negative symp-
toms such as withdrawal/isolation
and inability to function (Lewine
1985; Goldstein and Link 1988).

Gender also seems to be related
to the risk of illness in relatives of
schizophrenia patients. The risk for
psychotic iliness among relatives of
females with schizophrenia is sig-
nificantly greater than for relatives
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of males with schizophrenia (Mac-
ciardi et al. 1987; Shimizu et al.
1987). Studies of siblings with
schizophrenia show higher con-
cordance than discordance for gen-
der (Penrose 1945/1991; Tsuang
1967; DeLisi et al. 1987), and stud-
ies of dizygotic twins show higher
concordance rates in same-sex than
in opposite-sex pairs (Kallmann
1946), with female twins having
higher concordance rates than
males (Rosanoff 1934; Slater 1953).
Pairs of first-degree relatives with
psychosis were more apt to be of
the same sex than of the opposite
sex (Mott 1910; Penrose 1945/
1991), with an overall prepon-
derance of female—fernale pairs; in
parent—hild pairs, the mother was
more likely to be affected than the
father (Mott 1910). In this latter
case, given that females with
schizophrenia are far more likely
to reproduce than males with
schizophrenia, an excess of
mother—hild pairs is expected.
Caution should also be used when
interpreting some of the other
studies because methodologic
biases may occur, such as an ex-
cess of one or the other sex in the
sample, producing a higher num-
ber of concordant pairs of that
sex. When some of these studies
were reevaluated and the excess of
one of the sexes was taken into
account, several of the original
concordance findings were no
longer significant (Gorwood et al.
1992).

A number of sex chromosome
abnormalities have been reported
in association with psychosis; the
majority of these are X chromo-
some abnormalities. Numerous
case reports of schizophrenia-like
illness have been reported in pa-
tients with known Klinefelter
(XXY) and triple X syndromes
(e.g., Polani 1969; Forssman 1970;

Serensen and Nielsen 1977a;
Woodhouse et al. 1992), suggesting
that the presence of an extra X
chromosome increases an individ-
ual’s risk for mental disease. The
relatively high incidence of mosai-
cism involving X chromosome
aneuploidies observed in hospi-
talized female schizophrenia pa-
tients also implicates the X chro-
mosome (Kaplan 1970). The
incidence was low, 10.3 per 1,000;
however, this is 50 times higher
than the expected general popula-
tion frequency of such mosaicism.
Further evidence for this hypothe-
sis stems from the rare association
of schizophrenia with Turner syn-
drome, the lack of an X chromo-
some, and reported isolated
instances of psychosis in sex-
chromatin-negative women (Mell-
bin 1965; Akesson and Olanders
1969). In addition to the impli-
cation of the X chromosome in
schizophrenia, there is limited
evidence for an excess of Y chro-
mosomes (Crow et al. 1989). Sev-
eral interesting cases of psychosis
with XYY have been reported
(Faber and Abrams 1975; Dorus et
al. 1977; Serensen and Nielsen
1977b).

While the evidence for an excess
of sex chromosomes in psychotic
patients is intriguing, it should be
noted that there are no convincing
studies on the prevalence of psy-
chosis in individuals with these
cytogenetic abnormalities. Thus, it
is possible that the cases reported
represent merely the chance occur-
rences of two etiologically unre-
lated abnormalities. Most cases of
sex chromosome aneuploidy are
not associated with psychosis, and
most individuals with schizophre-
nia are cytogenetically normal.
Furthermore, chromosomal abnor-
malities associated with schizophre-
nia are not restricted to the sex

chromosomes (Axelsson and
Wabhlstrom 1984). It should be
noted that no single chromosomal
abnormality is consistently associ-
ated with schizophrenia.

The cumulative findings of gen-
der differences in the expression
of schizophrenia suggest that sex
chromosomes play a role in psy-
chosis. But presence of male-to-
male transmission in some families,
including the Swedish kindred we
are studying (Barr et al., submitted
for publication), excludes strict X
linkage of the disorder. A hypoth-
esis purporting to explain these
observations involves a gene con-
tributing to psychosis being lo-
cated in the pseudo-autosomal re-
gion (Crow 1988), the region on
the short arm of the sex chromo-
somes with sequence homology be-
tween the X and Y chromosomes
(Cooke et al. 1985; Simmler et al.
1985). This region recombines with
a single obligatory crossover,
which takes place somewhere
across this region in each male
meiosis (Burgoyne 1982; Rouyer et
al. 1986) and results in a high rate
of recombination in male meiosis:
approximately 10 to 15 times
greater than for the same region
in female meiosis (Rouyer et al.
1986). Genes at the telomeric end
are transmitted through male
meiosis independently of sex.
There is a gradient of greater as-
sociation with sex until the bound-
ary is reached. At the boundary
(and for all genes below the
boundary), genes are transmitted
in complete concordance with sex.

The existence of a pseudo-
autosomal schizophrenia gene
would explain the tendency for af-
fected individuals within a family
to be of the same sex more often
than would be expected, yet still
be compatible with male-to-male
transmission of the disorder (Crow
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1988; DeLisi and Crow 1989). Con-
cordance for sex would be seen in
sibships where the disease is
transmitted from an affected father
either on his Y chromosome to his
sons or on his X chromosome to
his daughters. Because the gradient
of sex linkage increases from none
at the telomere to complete at the
sex boundary, a strong concord-
ance for sex would be seen only if
the gene were located near the
boundary between pseudoauto-
somal and sex-specific parts of the
chromosomes.

The hypothesis of a pseudo-
autosomal location for a schizo-
phrenia susceptibility gene has
been investigated using pairs of
affected siblings (Crow et al. 1985;
Asherson et al. 1992; Gorwood et
al. 1992). An excess of same-sex
over opposite-sex pairs in the pa-
ternally derived sibships was ob-
served in two of the three studies
(Crow et al. 1989; Gorwood et al.
1992). After correction for bias for
using unequal sex ratios, only
slight statistical significance was
found for the combined studies
(Gorwood et al. 1992). Therefore,
although the finding of concord-
ance for sex in paternally derived
sibships is consistent with the
presence of a gene for psychosis
in the pseudoautosomal region, the
evidence is far from conclusive.

The finding of same-sex con-
cordance in paternally derived sib-
ships has been further pursued by
affected sib-pair analyses and link-
age analyses using alleles at the
DXYS14 pseudoautosomal locus
(Collinge et al. 1991; Asherson et
al. 1992; d’Amato et al. 1992). This
locus is in the telomeric region, is
unlinked with sex, and therefore
behaves as an autosomal locus
{Cooke et al. 1985). Analyses in
two studies using the affected sib-
pair method found affected sibs

shared alleles at DXYS14 more fre-
quently than expected by random
Mendelian assortment (Collinge et
al. 1991; d’Amato et al. 1992). In
the third study no evidence was
found for a schizophrenia suscep-
tibility locus in the telomeric re-
gion by linkage analysis, and, in
addition, affected siblings did not
share alleles more than would be
expected by independent assort-
ment (Asherson et al. 1992).

The finding of a shared allele at
the DXYS14 telomeric locus is in-
consistent with the observation of
same-sex concordance because al-
leles at a locus in this vicinity
would be transmitted randomly
with respect to sex. To explain
their findings Collinge et al. (1991)
speculate that DXYS14 must be
linked to a more proximal putative
disease locus, one that has partial
sex linkage.

Because of these contradictory
findings, we investigated the pos-
sibility of a pseudoautosomal sus-
ceptibility locus in a large Swedish
kindred that segregated for schizo-
phrenia (Book 1953). Our study,
which used linkage analysis, was
intended to be more comprehen-
sive than previous analyses in in-
vestigating the entire pseudo-
autosomal region as opposed to
the telomeric region only.

Methods

We are studying a large Swedish
kindred originally described by
J.A. Book (1953). The pedigree is
essentially as shown in Moises et
al. (1991) with some additional in-
dividuals. A detailed description of
the genetic models can be found
in Barr et al. (submitted for pub-
lication), and details on the diag-
nostic criteria can be found in
Moises et al. (1991) and Wetter-
berg and Farmer (1991). Only per-

sons with a diagnosis of schizo-
phrenia based on the narrow
diagnostic criteria of both Feighner
et al. (1972) and DSM-III (Ameri-
can Psychiatric Association 1980)
were considered affected. Individ-
uals for whom psychiatric diag-
noses were not clear were ex-
cluded from the analyses.
Schizophrenia was treated as an
autosomal dominant trait with
equal penetrances of 72 percent for
homozygotes and heterozygotes.
The gene frequency was set at
0.02 and phenocopies at 0.001.

The restriction length fragment
polymorphisms were typed by
standard methods (Kidd et al.
1991). Pairwise linkage analyses
were performed using the LIPED
program (Ott 1974), and multipoint
analyses were performed using the
LINKMAP program of the LINK-
AGE package (Lathrop et al. 1985).

The eight loci used in this study
are shown in Table 1. Five of the
loci (DXYS20, DXYS28, DXYS17,
DXYS15, and MIC2) were chosen
for multipoint analysis. Two of the
loci, DYS148 and HIOMT have not
been definitively placed in the
linkage map and therefore were
not used in the multipoint analy-
ses. The five loci chosen for the
multipoint analyses span the entire
pseudoautosomal region. The male
map positions were set at 0 for
DXYS20, 11.4 ¢cM (centimorgans)
for DXYS28, 16 ¢cM for DXYS15,
39.5 ¢cM for DXYS17, and 49.3 <M
for MIC2 (Page et al. 1987). The
multipoint analyses were per-
formed with the female-to-male
distance ratio set to 0.1 over the
entire pseudoautosomal interval
(Page et al. 1987).

Results

The numbers of affected males
and females on whom diagnosis is
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Table 1.
two-allele system

Pairwise lod scores at eight pseudoautosomal loci and of sex treated as a

Male recombination fraction

Locus symbol Probe name Enzyme 0.01 0.05 0.10 0.15 0.20 0.25 0.30
HIOMT HH401 Sacl -402 -334 -281 -244 -215 -193 -175
HH402 Pstl 1.18 1.07 0.93 0.80 0.67 0.54 0.43

DXYS28 pDP411a Tag! -1.00 -080 -063 -052 -043 -0.36 -0.32
EcoRl 0.13 0.18 0.21 0.23 0.24 0.24 0.24

Haplotype -050 -033 -0.19 -0.11 005 -0.02 0.00

DXYS20 pDP230 Sacl -296 -257 -226 -204 -188 -175 -165
EcoRI -138 -092 -070 -059 -0.54 -052 -0.52

Haplotype -348 -271 222 -192 -170 -154 -1.41

MIC2 p19B Tagq! -197 -177 -159 -145 -134 -125 -1.18
Pvull -255 -150 -096 -066 -047 -034 -0.25

pSG1 Mspl -043 -039 -037 -037 -039 -041 -045

Haplotype -489 -3.44 -262 -213 -179 -155 -137

DXYS14 p29C1 EcoRI 1.4 -046 -044 -043 041 040 -039 -0.06
EcoRIi 1.5 -0.77 -064 -053 -044 -037 -032 -0.27

EcoRlI 2.0 -0.07 -007 -0.07 -0.07 -007 -0.07 -0.07

EcoRI 5.0 -1.09 -107 -105 -103 -1.0t -099 -097

DYS148 pDP320a Taql -151 -133 -115 -101 -090 -0.81 -0.74
DXYS17 p602 EcoRlI -1.03 -072 -046 -028 -0.14 -0.03 0.06
DXYS15 p113D Hindlll -077 -073 -070 -066 -063 -0.61 -0.58
Sex -0.87 -040 -0.09 0.09 0.19 0.24 0.25

Note —The lod score at seven recombination fractions at theta male = 10 X theta female. Additional detalls on each polymorphism (e.g., allele sizes
and frequencies) can be found in the original publications, in the published summaries of deoxyribonucleic acid (DNA) polymorphisms (e g,
Williamson et al. 1991), and in the on-line genome data base located in Baltimore, Maryland.

available in the Swedish kindred
are almost equal—17 affected
males and 22 affected females. Of
the 30 sibships with an affected
individual, only 6 had more than
1 affected sib; 4 sibships have 2
affected individuals, 1 has 3 af-
fected, and 1 sibship has 4. Table
2 shows information on sex in af-
fected sib-pairs subdivided be-
tween disease inherited from the
maternal or paternal side of the
family. Paternal inheritance was
observed in only one of the six
sibships, and therefore insufficient
information exists to examine con-
cordance for sex. In the 23 sib-
ships with a single affected indi-
vidual, the disease was paternally

inherited in 6 cases and maternally
inherited in 15 cases.

Family studies and epidemiologic
surveys have shown that schizo-
phrenia males reproduce less fre-

quently than females (Gottesman
and Shields 1982). The lower num-
ber of paternally inherited cases
prompted us to investigate
whether the affected males were

Table 2. Sex in affected sib-pairs subdivided between disease
inherited from the maternal or paternal side of the family

Maternal Paternal
Sibships Inheritance inheritance Both
All male 1 — —
All female 1 1 1
Mixed sex 2 — —

Note.—These sibships are drawn from a group of 30 sibships. Twenty-four of the sibships have

only one affected individual.
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less likely to have children than
affected females in this part of the
kindred. When we looked at chil-
dren born to only the affected in-
dividuals, we observed 22 children
born to 7 of the affected females
(average 3.1 children) and 5 chil-
dren born to 2 of the affected
males (average 2.5 children). When
we compared the fraction of af-
fected males who had children to
the fraction of affected females, we
found a smaller, but not signifi-
cantly different, fraction of affected
males having children (2/17 males
as compared to 7/22 females).

In the Swedish kindred, the in-
heritance of schizophrenia as a
strictly X-linked disease can be
definitively ruled out because of
father-son transmission of the dis-
ease. There are four cases in
which an affected son appears to
inherit the disease from the pater-
nal side and one case in which an
affected father has an affected son
whose mother’s side of the family
has no closely related affected
members.

The pairwise lod scores for the
eight pseudoautosomal loci tested
are shown in table 1. In addition,
to test for sex-specific linkage with
schizophrenia, sex was scored as a
two-allele system with males al-
ways heterozygous and females
homozygous. Table 1 shows the
lod scores at seven pairs of sex-
specific recombination fractions
with male recombination (0,,) al-
ways equal to 10 times female re-
combination (6;). The pairwise
analyses were also done at O,
equal to 20 times O; and on a full
sex grid of 64 recombination frac-
tions, allowing the recombination
to vary independently in male and
female meiosis (data not shown).
No evidence favoring linkage was
found at any of these estimates of
recombination. In all three sets of

analyses—DXYS20, HIOMT, and
MIC2—exclusion was seen at three
of the loci by pairwise analyses.
Exclusion at DXYS20 and MIC2
was calculated as a lod score be-
low -2 and the region excluded as
the length in morgans correspond-
ing to the largest recombination
frequency at which the lod score
remained below -2, without inter-
polating, on the fixed set of values
for male recombination: 0.01, 0.05,
0.10, 0.15, 0.20, 0.25, 0.30, and for
one-tenth these values for female
recombination.

In the pseudoautosomal region,
the male genetic distance in mor-
gans (M) can be taken as O be-
cause of the obligate crossover in
this region in male meiosis, and
M; can be taken as O; because the
possibility of a double crossover
occurring in such a small region is
highly unlikely. Because both
DXYS20 and MIC2 are on the
boundary of the pseudoautosomal
region, DXYS20 ~20 kilobases (kb)
from the distal tip (Page et al.
1987) and MIC2 < 80 kb from the
proximal pseudoautosomal bound-
ary (Petit et al. 1988), exclusion is
calculated only in the pseudo-
autosomal region. Since the loca-
tion of HIOMT is uncertain, the
potential 40 cM exclusion (if the
region excluded is calculated at
twice O, = 0.20) on the male map
and 4 cM exclusion on the female
map cannot be placed within the
region. It is probably an overesti-
mate since the HIOMT locus may
be close enough to one or the
other end of the pseudoautosomal
region that the exclusion overlaps
with either DXYS20 or MIC2. Be-
cause the position of HIOMT is
unknown, the nonoverlapping ex-
clusion region was only calculated
with DXYS20 and MIC2. At male
recombination equal to 10 times
female recombination, the total

nonoverlapping exclusion for these
two loci was estimated at 30 ctM
on the male map and 3 cM on
the female map (figure 1). The
female pseudoautosomal map is
estimated to be 4 to 18 ¢M and
the male map 50 cM (Page et al
1987). Using these estimates we
have excluded at least 17 percent
to as much as 75 percent of the
female map and 60 percent of the
male map by pairwise analysis. Of
special interest is the exclusion
around DXYS20 because this locus
is located very close to DXYS14; in
fact no crossovers have been seen
between these two loci (Page et al.
1987).

Several overlapping multipoint
analyses were carried out using
various combinations of five loci
spanning the pseudoautosomal re-
gion, starting at the distal tip of
the pseudoautosomal region
(DXYS20) and extending to MIC2
at the pseudoautosomal boundary.
Evidence against linkage with
schizophrenia was observed
throughout this region with all of
the multipoint analyses. Figure 2
shows the results of two of the
multipoint analyses, which com-
pletely cover the region. Exclusion
was observed over the entire
pseudoautosomal region under the
model specified. Although multi-
point analyses are sensitive to
model misspecification, by examin-
ing the pairwise data first and
finding no evidence for linkage be-
fore multipoint analyses were car-
ried out, there is little chance of
having falsely excluded positive
linkage in the pseudoautosomal re-
gion in this kindred.

Discussion

With the exclusion from the
pseudoautosomal region of the sin-
gle major locus that best explains
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Figure 1. Graphical representation of pairwise exclusion on the

pseudoautosomal map
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the inheritance of schizophrenia in
this kindred, we must look for an
alternative hypothesis to explain
the gender differences seen in the
expression of the disease. Several
other “sex-influence” hypotheses
have been put forward. One 1s
that the observed gender dif-
ferences are the result of hormonal
fluctuation or biological protective
factors in the female. For example,
recent evidence suggests that
estrogens may act as neuroleptics,
that is, exert an antidopaminergic
effect (for a review, see Seeman
1982, 1985). Additionally, there are
known differences in neuroorgani-
zation between males and females.
These include differing densities of
steroid receptors in male and
female brains, differences in den-
dritic sprouting in homologous
brain sites, and neurotransmitter
and gross morphologic differences
(reviewed in Seeman 1985). Al-
though these brain and neuro-
transmitter differences can explain
gender differences in the expres-
sion of the disease, they do not
explain the same-sex concordance
seen in families.

This study provides strong evi-
dence against linkage of a single
major locus in the pseudo-
autosomal region of this family to
schizophrenia under the model pa-
rameters specified. In addition,
during the review of this man-
uscript, similar findings were re-
ported excluding a single major
locus in the pseudoautosomal re-
gion in 12 informative pedigrees
(Wang et al. 1993). We wish to
note that neither study rules out
the possibility of a gene with a
minor effect in the pseudo-
autosomal region or the sex chro-
mosomes that in some way influ-
ence the expression of the disease.
A locus on the sex chromosomes
may be responsible for a percent-



VOL. 20, NO. 2, 1994

283

Figure 2. Graphical representation of two overlapping multipoint

analyses showing exclusion of schizophrenia from the

pseudoautosomal region
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age of the cases of schizophrenia
around the world but not in this
kindred.
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