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Twin studies of psychosis and the genetics 

of cerebral asymmetryt 

T. J. CROW 

Klaning (1999, this issue) reports that 
dizygotic twins are at increased risk of 
schizophrenia relative to the general 
population. Any departure from the first 
assumption of twin studies that the illness 
has the same origin in twins as it does in 
the general population might tell us some- 
thing about aetiology. Klaning's expectation 
that monozygotic twins would be at 
increased risk because such pairs are at 
increased risk of perinatal complications 
was not confirmed, adding to the weight 
of evidence that such complications are 
unrelated to the origins of psychotic illness. 
The contrary finding that dizygotic twins 
are at increased risk draws attention to 
the nature of dizygotic twinning. Is there 
something about this process that yields a 
clue to the origins of psychosis? 

TWINNING, CEREBRAL 
ASYMMETRYAND PSYCHOSIS 

In the light of Klaning's finding, I draw 
attention to an aspect of the twin literature 
that relates it to a new (or resuscitated) 
concept of the genetics of psychosis - that 
it is a sub-field of the genetics of cerebral 
asymmetry. 1 argue that the findings in twin 
studies are consistent with this proposition, 
and that the anomaly that Klaning has 
uncovered may provide the key to the 
nature of the relationship. 

Twinning itself is familial. Boklage 
(1981) drew attention to a relationship 
between twinning and handedness. The 
parents of twins (in general not themselves 
twins) are much more likely than their 
non-twin-bearing siblings to be non- 
right-handed. Boklage (1977) also sug- 
gested that there is a relationship between 
handedness, twinning and schizophrenia, 
and reported that in 28 monozygotic twin 
pairs concordance for schizophrenia was 
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linked to concordance for right-handed- 
ness. If true, this would constitute rather 
compelling evidence that the genetics of 
handedness and predisposition to schizo- 
phrenia were linked. However, three 
subsequent studies (Luchins et al, 1980; 
Lewis et al, 1989; Torrey et al, 1993) of 
handedness in twins with schizophrenia 
have yielded discrepant findings. A reason- 
able consensus is that "handedness does not 
appear to be a useful measure for studying 
lateralisation in this disease" (Torrey et al, 
1993). A possible explanation is that 
handedness reflects only indirectly how 
the brain has developed, and that it is 
not direction of asymmetry per se that is 
genetically determined but degree (or 
perhaps degree and direction) that is the 
key factor (Crow et al, 1998). 

Morphological studies yield a more 
consistent picture. In a seminal but 

neglected computed tomography scan study 
in monozygotic twins, Reveley et a1 (1987) 
showed a decrease in scan density in the 
affected twin selective to the left hemi- 
sphere. Scan density is less likely to reflect 
a decrease in brain density than a relative 
increase in cerebrospinal fluid-to-brain 
ratio in relation to some anatomical feature. 
This suggests that the key variable (which 
may be non-genetic) that determines 
affected status relates to symmetry- 
asymmetry determination in some as yet 
undefined anatomical structure(s). 

The subsequent National Institute of 
Mental Health study, if controversial, is in 
agreement with this conclusion. The main 
finding (Suddath et al, 1990) is that 
anatomical changes (a decrease in volume) 
that consistently distinguish the ill from 
the well twin are present in the temporal 
lobes. This finding constitutes a strong ar- 
gument for homogeneity of the disease pro- 
cess. It was argued (Weinberger et al, 1991) 
that the fact that the changes were bilateral 
contradicted the interpretation that the key 
change relates to asymmetry. However, Ta- 
ble 2 in their study (see Fig. l (a))  records a 
change in grey matter volume in the posterior 
temporal lobe that is selective to the left 
side (Crow et al, 1991), thus drawing atten- 
tion to what may be the critical feature, 
namely that the changes are present in 
those areas - including Wernicke's - of 
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Fig. I Deviations in cerebral asymmetry in the National Institute of Mental Health discordant monozygotic 

twin study (bars represent standard e m ) .  (a) Decruse in d u m e  of grey matter in the posterior temporal 

bbe on the left side (0 ill twin; 5 well twin).The horizontal bar indicates grey matter d u m e  in the anterior 

temporal lobe, which is unchanged (data from Suddath a 01,1990). (b) Asymmetry coefficients ((L- R)/ 

(L+R) x 100) oftotal and posterior SyMan fissure lengths. 0 values in discordant monozygotic pairs: w - well 

twin, i - ill twin; values in convd pairs of twins - both d l  (data from Bartley et 01,1993). 
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cortex that have developed in relation to 
language. This interpretation is supported 
by a re-analysis of measurements (Bartley 
et al, 1993) on the same twin series relating 
to the posterior extremity of the Sylvian fis- 
sure (Crow, 1995, Fig. l(b)).  

The findings in discordant monozygotic 
twins are therefore consistent with a litera- 
ture (Crow, 1990, 1997; Petty, 1999) that 
suggests that the key anatomical change in 
schizophrenia is a loss or even a reversal 
(Highley et al, 1998) of asymmetry. One 
reason why this may not have been apparent 
earlier is that the asymmetry of the human 
brain is subtle; even though it may be 
accounted for by a single gene, its 
expression in cortical structure is complex, 
comprising an antero-posterior 'torque' 
from right frontal to left occipital. 

The hypothesis that the genetics of 
psychosis is indeed linked to asymmetry is 
supported by the observations that not only 
is mixed handedness (a measure of degree 
rather than direction) increased in a cohort 
of patients with schizophrenia, but that there 
is also an increase in their firstdegree rela- 
tives (Orr et al, 1999), and that loss of anato- 
mical asymmetry is present in both affeaed 
individuals and 'obligate carriers' - relatives 
intermediate between two affected family 
members (Sharma et al, 1999). 

EPlGENETlCS A N D  GENDER 
DIFFERENCES 

There have been three recent attempts 
(Annett, 1999; Klar, 1999; Yeo et al, 
1999) to apply theories of asymmetry to 
psychosis. However, the genetics of cere- 
bral asymmetry are themselves obscure 
(see for example Corballis, 1997) - no lo- 
cus for asymmetry has been identified. This 
is also true for psychosis - the findings of 
genomic scans for linkage to psychosis are 
fraught with inconsistency (Crow & DeLisi, 
1998), and the reasons for this failure are 
unclear. One possibility is that predisposi- 
tion to psychosis is not genetic in the sense 
that it is associated with DNA sequence 
variation but 'epigenetic' - that is, it re- 
lates to gene expression regulated by a pro- 
cess such as methylation that is associated 
with 'imprinting' or X chromosome inactiva- 
tion. 

Klaning's (1999, this issue) main find- 
ing is relevant to this possibility, and takes 
on a new aspect in the context of the gender 
difference that she also reports. Dizygotic 
twinning but not monozygotic twinning 
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increases with parental age (Bsnnelykke, 
1990), as does the incidence of schizo- 
phrenia. Activation of genes on the inacti- 
vated X chromosome increases with age 
(Wareham et al, 1987). Could these phe- 
nomena be related? Could they for example 
reflect an influence of X chromosome inac- 
tivation or imprinting on predisposition to 
psychosis and dizygotic twinning? 

The earlier onset of schizophrenia in 
males is unexplained, as are gender differ- 
ences in handedness and verbal ability - 
females are more lateralised or lateralise 
earlier and have greater verbal fluency than 
males. One explanation is that the gene for 
cerebral asymmetry is in the X-Y homolo- 
gous class, that is, represented on both X 
and Y chromosomes (Crow et al, 1998; 
Crow, 1999), but is expressed to a different 
degree in either case. If this gene is a deter- 
minant of relative rates of hemispheric 
growth it could explain the changes in 
schizophrenia including a relationship to 
gender (Highley et al, 1998) as well as, 
perhaps, earlier onset of psychosis and in- 
creased susceptibility to  dyslexia in males. 

Klaning finds that the increase in liability 
to schizophrenia that she has uncovered in 
dizygotic twins is greater in females. Possibly 
this gender difference is unrelated to the 
others that have to be explained. Maybe 
those for cerebral asymmetry are unrelated 
to the age of onset difference in psychosis. 
However, given the apparent failure of the 
linkage strategy as a hypothesis-free route 
to the discovery of genes for psychotic illness, 
it may be necessary to reconsider everything 
that we think we know about the nature 
of the genetic predisposition to the condi- 
tion. Klaning's study conmbutes a hitherto 
unexpected ingredient. 
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