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GENETICS, BEHAVIOUR AND PSYCHIATRY:
HISTORICAL BURDENS AND PERSPECTIVE

ALBERTO OLIVERIO
University of Rome “La Sapienza”, Rome, 1

SUMMARY

Familiar, twin, adoption and linkage studies represent the usual tools for
assessing the possible role of genetics in mental disease. These genetic ap-
proaches have been refined in the last years and a number of methodolog-
ical problems are absent in recent appiroaches. While there is no doubt that
schizophrenia, mood disorders and autism are characterized by a genetic
component no linkage study has been successful up to date, apart, proba-
bly, the case of autism. The existence of a genetic component does not
mininize the role of the environment and of critical life events. It is also
evident that no major genes are responsible for these psychiatric diseases:
thus, quantitative trait loci analyses might prove fruitful in future re-
search to track the role of different genes contributing to the outcome of
different psychopathologies. The main problem, however, is the difficulty
of carrying out quantitative analyses since the today’s diagnostic tools do
not allow a quantitative approach to these phenotypes.

Francis Galton is often considered the pioneer in the field of
human behaviour genetics. In his book Hereditary genius, Galton
tried to persuade his readers that a strong genetic component
accounted for the success of people: to his opinion, success re-
flected mainly individual intelligence, not other factors'. His ap-
proach was quite simplistic since he did not account for a num-
ber of environmental factors contributing to individual success
such as cultural level, wealth or social role of family members.
Despite many criticisms, he was the first to use systematically
the family method in order to try to demonstrate that genetic
factors are also responsible for some behavioural phenotypes, in
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ific instance intelligence valued through social success.
n lived in the Nineteenth century, an age in which genetic
1ot still exist as a science: also sociology moved its first steps
nd we cannot blame him too much for his approach which re-
flects the attitudes of his time.
_ In his studies, Galton did not show much interest for mental
 disorders even if one of the oldest psychiatric institutions in
England, London’s Bethlem Hospital already paid attention to
their possible familiar roots. Though Bethlem Hospital was
founded in 1247 and had one of the longest traditions in mental
hospitalisation it is from about 1820 only that its records ac-
count for a possible familiar component of mental disease.
However, we must wait almost one more century before the first
research group on genetic psychopathelogy is established in
Munich under the responsibility of Emil Kraepelin, also known
for a successful textbook who exerted a strong influence on Eu-
ropean psychiatry. In the Thirties of the last Century, one of the
members of this genetic unit was Eliot Slater, a voung member
f the Maudsley Hospital: when he returned to London, Slater
founded in 1959 the Medical Research Council’s Psychiatric Ge-
netics Unit, where great care was paid to the possible familiar
roots of mental disease. In 1971 Slater, in association with Va-
lerie Cowie, published the first text of genetic psychiatry, Genet-
ics of Mental Disorders, a reference bock in the history of this
field and, more generally, of behaviour genetics’. Since then,
there has been a dissemination of research on the genetics men-
tal disease, a field at centre of many ideological and scientific
discussions. As we will see, part of the debate relates to the reli-
ability of some correlative approaches, in particular on the
meaning of family studies, while others question the consisten-
cy of the phenotype, in this instance the fact that some mental
diseases are considered in binary, qualitative terms: either they
are present or absent since despite many attempts it is very dif-
ficult to evaluate them on a quantitative scale.

Schizophrenia
The largest part of genetic studies focalise on schizophrenia,
rather than other psychopathologies, because of its gravity and
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also because of its diffusion: its risk in the general population is
in the order of about 1% throughout individual life. In the USA
alone, more than one million people is rated as affected by schiz-
ophrenic disorders.

Family studies. About 40 familiar studies unequivocally indi-
cate that schizophrenia has a strong familiar character’. While
the risk of developing schizophrenia is around 1% in the gener-
al population, the risk for the relatives of schizophrenics pro-
portionally increases with the level of kinship: it is around 4%
and 9% for second degree and first degree relatives respectively.
In 14 familiar studies which comprehend more than 8000 schiz-
ophrenics the average risk was about 6% for parents, 9% for sib-
lings and 13% for children. The low (6%) risk for the parents of
schizophrenic subjects is probably due to the fact that marriage
is less frequent in schizophrenics and that those who marry have
less children. For this reason the parents of schizophrenic sub-
jects result schizophrenics in a percentage lower than expected.
On the contrary, when schizophrenics become parents the risk
for their children is quite high (13%). This risk is the same in-
dependently on the fact that it is the mother or the father to be
affected by this disease. When both parents are schizophrenic
the risk soars to 46%. The risk for the siblings of schizophrenics
is in the order of 9%, half way between the risk calculated for
parents and children: however, though this risk is quite high
(about 9 times higher than in the general population) we must
remember that the majority of schizophrenics does not have a
first degree relative affected by this disease.

One of the most quoted studies on the familiarity of schizo-
phrenia, carried out in Denmark at the beginning of the Sixties
of the last century’ indicated that children of schizophrenic
mothers are at high risk. In a very accurate study 200 children
were followed up to their fortieth birthday: within this high-risk
group 16% were diagnosed as schizophrenics against 2% of the
low-risk group. The mothers of those children who developed
this conditions were affected by a most serious form of schizo-
phrenia: thus, these children experienced a very unstable famil-
iar environment and early hospitalisation, a fact that points to a
serious bias of familiar studies, the difficulty to separate envi-
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| and genetic influences while this is possible in adop-
ies. A similar methodological problem casts shadow on
very large and often quoted study on the genetic risk of schiz-
phrenic relatives®: this study indicates that children of schizo-
phrenic parents are characterized by a high number of person-
ality disorders when they are young adults but, as other familiar
studies, fails to separate genetic and environmental factors.
These pitfalls are often minimized, thus perpetuating still today
a wrong approach to the possible genetic causes of schizophre-
nia or, more generally, of mental disease.

Twin studies. While studies are more unreliable, twin studies
are more controlled, though they are more difficult since it is
not .that easy to find a large twin sample. A number of twin stud-
ies indicate, in a more reliable way than familiar studies, that
schizophrenia has a genetic component: in couples of monozy-
gotic twins (MZ) there is correlation ranging between 41 and
65% while in dizygotic twins the value drops to lower levels (0-
28%)°. Though the range of correlation coefficients is rather
wide depending on the study considered, there is no overlapping
between the lower values of MZ twins and the higher values of
DZ couples. The merit of epidemiological twin studies is to gd
beyond the anecdotic suggestions of single case histories, such
as the impressive, popular case of the Genain twins, four MZ
girls who developed schizophrenia, though of different gravity’.
Less anecdotic, though not numerically consistent, are the ob-
servations related to 14 twin couples raised apart at least two
years before one of the twins developed schizophrenia: despite
separation, 9 couples (64%) were concordant®.

As for familiar studies, also twin studies point out to the role
of the environment: as a matter of fact, the mean correlation
within MZ twins is 0,5 only, while one should expect values clos-
er to 1: the fact that twin correlations are higher in MZ than DZ,
couples does not allow to minimize the fact that half of MZ cou-
pies are not concordant, pointing out to the fact that non-genet-
ic factors play a significant role. Since the differences evident in
MZ twins cannot be due to genetic factors, the co-twin method
may be useful to understand why one member of the couple de-
velops schizophrenia and the other member is instead resilient.

Genetics, behaviour and psychiatry

For example, two different studies indicate that there were no
major differences in the life events of discordant twins, apart
from an history of difficulties at birth, sometimes resulting in
structural brain differences’.

Adoption studies. Adoption studies represent another ap-
proach since Leonard Heston carried out the first extensive
study in adoptees in 1966'". The results of this research indicat-
ed that the risk of developing schizophrenia in adopted children
born from biological schizophrenic mothers was in the order of
11% (5 cases out of 47), much higher than that close to zero ev-
ident in 50 adoptees whose biological mothers did not manifest
mental disease. A risk of 11% is very similar to that evident for
children raised by their biological schizophrenic parents, a fact
that indicates that growing in a family in which a close relative
is schizophrenic does not increase the risk of developing this
disease beyond the threshold set by heredity.

One of the most impressive studies on the role of adoption
was conducted in Denmark and still represents an important
landmark'!. This study, based on a population of 5500 adoptees
and on 10000 of their 11000 biological parents, was possible be-
cause the Danish Adoption Record allowed the identification of
the biological parents of the adoptees many years after they gave
away their chidren to adopting families. Since children are gen-
erally given into adoption when their biological parents are ado-
lescents or very young but schizophrenia generally develops lat-
er on, it is very important to check if biological parents did de-
velop the disease when their children were already adopted.
Thanks to the Danish Adoption Record, Rosenthal and his group
were able to account for the real psychiatric condition of the bi-
ological parents of the adoptees. It was therefore possible to
identify 44 biological parents who developed schizophrenia af-
ter adoption: their 44 adopted children were compared with 67
adoptees whose biological parents did not present mental prob-
lems. This study, based on a double-blind method, indicated that
7% of the adoptees born from schizophrenic parents developed
schizophrenia while none of the controls presented psychiatric
problems. Though this study presents some pitfalls, mostly re-
lated to an insufficient attention to the psychiatric conditions of



, it shows that there is a significant ge-
_the development of schizophrenia. When
arents were more rigorously screened in terms
chiatric conditions, a part of them was diagnosed as
isturbed (as it was in a follow-up of the first study’?):
rer, no evidence was reached in favour of an environmen-
etfect, since none of the disturbed foster parents had a schiz-
ophrenic adopted child. Thus, the positive correlations between
biological parents and their adopted children evident in the
Rosenthal et al. study were even more significant.

In a second study, carried out by Kety and his co-workers in
1994 on chronic schizophrenics'® the &iagnosis more feﬁabie
tha.n that upon which is based the study of Rosenthal et al. in
which acute psychotic episodes were also included. However, al-
so the Kety et al. study indicates that 5% of the adoptees x;fho
were diagnosed as chronic schizophrenics had a first-desree rel-
ative a‘affec_ted by the same disease while none of thevschi;:c’)v-
phrenic adoptees had an adoptive schizophrenic relative a féict
that should minimize the role of the environment and strjess out
the role of genetics.

/%_s airea_dy indicated, one of the main problems with the ge-
netics of schizophrenia is the ability to classify, understand a{;d
quantify this disease: is it a unique condition or a heterogeneous
gpﬂectiog Qi differem diseases, a syndrome that it is digicult if;
D;i%i?séisfgHdli@;fi{égggbg;@gex;st, as suggested by many
ps) : , they ; nably involve a continuum, raneine
from milder to more severe forms of the same disease: ihi:
makes more difficult a quantitative genetic approach and r.nidﬁt
leave us with the only possibiﬁty of a qualitative approach —p;as—
ence or absenee of schizophrenia- even if psychiatrists are able
to ﬁ.ssess;ts severity. Ef course, it is always possible to base ge-
netic analyses on “mild” or “severe” ’ ificati
of the phenotype would still be pxi%gg;iabti tizgﬁr?;hﬁcatwn

' ot C. ) strategy
might be the search for markers, called “endophenotypes” b
Gottesman and Shields!s. For example, it has been sugge%teg
?hat behaviours such as “smooth-pursuit eye tracking” (foliow-
ing \yjth the eyes an object while it moves) might helpbin the dis-
crimination of the milder forms of schizophrenia or even a pre-

Genetics, behaviour and psychiatry

disposition to this disease but no agreement exists on the relia-
bility of this and similar markers. Thus, while there is today gen-
eral agreement on the fact that in many instances genetic fac-
tors play a role in schizophrenia there are also many cases in
which the environmental component plays a critical role in ap-
parent absence of familiarity or of other genetic determinants:
this fact, in absence of an evident Mendelian mode of inheri-
tance, has been explained in multifactorial terms and has
spurred research on possible gene candidates.

Linkage studies. The possibility to identify a linkage between
schizophrenia and genes responsible for this disease would have
a meaning beyond the problem of its inheritance since such a
linkage would suggest possible pathological pathways in the
brain and give a hint for the use of more selective drugs. Despite
many attempts and many optimistic announcements, no reliable
linkage has been attained up to date. The history of the search
for possible linkage is rather frustrating: for example, in 1988
Sherrington et al. identified an autosomic dominant gene locat-
ed on chromosome 5 in Dutch and British family but unfortu-
nately five other studies did not confirm it'®. The presence of a
locus on the short arm of chromosome 6 (6p24-22), identified in
a linkage study involving 265 families with more than one schiz-
ophrenic member'” was not confirmed by other studies'®. Other
linkage candidates relating to chromosomes 13 (13¢14.1-¢32)
and 22 (22q12-g13) did not attain more success. All these —neg-
ative- attempts have consolidated the idea that schizophrenia is
a multigenic disease, no gene playing a major role in its out-
come: this hypothesis is in line with a recent study carried on
196 couples of schizophrenic brothers: its results exclude the ex-
istence of any gene conferring a relative risk higher than 3 or
more in about 80% of human genome'”. This had shifted the at-
tention on genes exerting small effects: some of these are relat-
ed to the dopaminergic system since drugs that block dopamine
—or serotonin- receptors exert a positive effects on some symp-
toms of schizophrenics. In different studies the polymorphisms
of the dopamine receptor gene (DRD3) and of serotonin recep-
tor gene (5HT2a) seem to indicate a little but significant role of
these receptors in the genesis of the disease: while it is to early
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to cla@m fora spegiﬁc genetic effect, these findings may support
experimental studies based on animal models of psychoses rely-

ing on S imal inbred strai i
g -thzeo use of animal inbred strains and on other genetic
strategies™,

Mood disorders

Th}s short survey on the genetics of schizophrenia anticipates
a similar discussion on other mental diseases such as mood dié—
orders (monopolar and bipolar syndromes), anxiety and autism:
fche fer}etic grocedures are in fact similar and all involve fa’r‘nﬂ;
te;p\t&;{n and adoption studies, in addition to some linkage at-
~ While the diagnosis of monopolar disorders is not difficult
bipolar 'disorders, in which there is an alternation between thé
d.epre%;swe and manic pole, require subtler diagnostic tools
Since in many instances it is not that easy to recognise a manic
state: thus DMSIV makes a distinction between type 1 bipolar
dlsgrders (characterized by a clear episode of mania) and type
2 bipolar disorders in which the manic episode is less deﬁﬂe%
in more general terms, bipoiar disorders are less common thar;
{eipari;s;??%g;'e risk for the former being about 1%, for the lat-
~ The first comprehensive familiar survey, relative to 12 fami-
31e?.aﬁ¢e§ted by bipqiar depression, suggeslted a risk of abg)ut 8%
;;}O nlé Stfneg; }i:; iig;e; aégazrgt a 1% ‘ms‘k in tﬁ’h?generai pepp}a_
; udies™ on major depression the familiar
1‘151{ was at a 9% level against a 3% risk. It has been hypothesised
that t'he distinction between major unipolar and b'ipgﬂar depres-
sion s a matter of gravity, bipolar depression being a more 5;3-
vere mgod disorder®. The results of multivariate familiar analy-
ses 1qd1cate that the relatives of unipolar individuals do not have
a major risk of bipolar depression (less than 1%) while feiatives
of blpolar individuals face a higher risk (11%) of unipolar'de—
pression. It we assume that bipolar depression is the severest
:form', this analysis might explain the reason for a higher famil-
iar risk f_or bipolar depression, for the higher number of unipo-
lgr relatives of bipolar individuals and the lower numbe“pof
bipolar relatives of unipolar patients. .

Genetics, behaviour and psychiatry

As for schizophrenia, also the familiarity of depression is a
matter of shared environment and the age factor plays an im-
portant role. There are in fact many studies indicating that a fa-
miliarity of depression is more evident when the first depressive
episode takes place in infancy, thus indicating that parental —de-
pressed- behaviour may affect the mood of their children. On
the contrary, when depression strikes a family member during
adulthood or after, the familiar risk is lower since children are
already grown-up or adolescents when their parents develop a
bipolar disorder®*.

Twin studies are more reliable in that allow a better separa-
tion of genetic and environmental factors. One of the first stud-
ies, conducted by Allen in 1976 on hospitalised individuals —thus
affected by a severe mood disorder- indicates a correlation of
0.40 and 0.11 for MZ and DZ twins respectively. When bipolar
depression is considered, the average correlations were 0.72 and
0.40 but later studies indicated lower values in MZ twins, rang-
ing from 0.18 (unipolar) to 0.08 (bipolar depression)®. Finally, a
study on 12 twin couples reared apart in which at least one twin
suffered of major depression indicates that eight couples out of
twelve (67%) presented major depression”. When the condition
of the children of identical twins discordant for bipolar depres-
sion is considered the situation is rather similar to that evident
for schizophrenia. The risk of contracting mood disorders is
similar (10%) in the children of twins affected or non affected by
bipolar disorders: these findings suggest that the identical non-
affected twin may transmit a predisposition for bipolar disor-
ders as does his affected twin. However, we will see that no def-
inite markers of unipolar or bipolar disorders are today avail-
able, thus it is still uncertain what characters are transmitted
and what a “predisposition” means.

The higher incidence of depression in women has suggested
that a dominant gene on X chromosome might be responsible
for unipolar and bipolar disorders: further, detailed studies do
not confirm this hypothesis®’. Similarly, the much publicised hy-
pothesis for a marker for bipolar disorder on chromosome 11 in
a genetically isolated population of Amish in Pennsylvania®®, did
not prove to be true?”. Other possible chromosomal associations
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involving chromosome 4 (4p16 -
21 (21922)*° have been p(roZ;os)ea lgu(tligifi fj){:) ¢ (161'713) e
: . e confirmed. A
number of candidate genes such as hSERT, are mostly connect-
ed to the serotoninergic hypothesis of depression dealing with
reupt‘ake of serotonin at the synaptic level. These Svnapsbes are
the site of action of Selective Serotonin Reuptake En}xibitér (88-
RI) antidepressants and the hypothesis of a possible relationshi
between hSERT polymorphisms and mood disorders in conce I?
tually sgund, though, at the present time must still be proved :
Stu.dles on anxiety are less numerous than those on schiz.o—
phre'ma or mood. The results of these studies are still very con-
trasting: in some instances a slight genetic component has been
ascribed to panic disorder, obsessive-compulsive disordé‘ and
post-traumatic stress disorder: for these and other behavio;mi
%:roubies, many problems arise from the changes of da%sif*’catic;
in the spbsequent DSM versions (DSM-IV being more }kigiid’ thag
1ts previous versions in the subdivision and classification of m;"i-
ous f;orms of anxiety) and from the difficulty to compare differce t
studies based on unreliable o inconsistent éiagnostic ccriter'ié?3 o

Autism

Autism is a relatively rare disease since it affects 3-6 childre
every 10,600. While many vears ago it was ascribed to tl”;e 5 ?fﬂ
chodynamics of mother-chiid relationships and its genetic c?);;:
ponent was minimized further studies indicated that this dis-
ease is of biological origin. However, it is rather difficult go as
sess the role of genetics in autism for different reasons: con%_
poundmg the problems of rarity, another difficulty in detectin :
the genetic origins of autism is the lack of family ﬁedigreeé Ung—
hke people who inherit Huntington disease, a genetic diéefve
that does not strike until after the affected p’ersgn has reacfi;d
rc?prodl{ctwe age, persons affected with autism are so sociall
disabled that they never marry and have children TEu% ré‘{
searchers do not have the extended family histories thatxl}lwe
played a critical role in the identification of genes iznplicate£ in
other diseases. Despite these problems, the first Systen‘laﬁc twin

study on autism, conducted i i
y on , in 1977 contributed to stress i
non environmental bases®?. B outs
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In the case of autism, the likelihood that the sibling of an af-
fected child also would be affected is between three and six per-
cent. This incidence is about 100 times greater than the rate at
which autism affects unrelated people in the population. Twin
studies have provided powerful evidence for the role of genetics
in autism: one study showed that the likelihood that the identi-
cal twin of an autistic child also would be autistic was 82 per-
cent, whereas the equivalent rate for fraternal twins was only 10
percent. With sophisticated statistical techniques and numerous
twin studies, behavioural geneticists now believe that as much
as 90 percent of the behavioural phenotype of autism is related
to inherited genes.

Such a high genetic contribution appears to be the exception
rather than the rule when considering complex behaviours. This
is probably because a relatively small number of genes may be in-
volved in autism whereas other behaviours may be influenced by
many genes. Rutter considers autism as one of the most inherita-
ble mental disease®. When linkage is considered, the Internation-
al Genetic Study of Autism Consortium (1998) has also demon-
strated the association with a locus on chromosome 7 (7931-33)*:
this finding has been confirmed by different groups”.

The findings reviewed until now are based on a classical ap-
proach to the genetics of psychopathology, mostly based on
Mendelian and linkage analyses. Although the current interest
in molecular biclogy has produced a strong focus on testing a
single-gene model of genetic transmission’®, attempts to fit data
with a major-gene model have generally met failure. These fail-
ures may reveal the limitation of this approach for studying ge-
netic influence on normal or disturbed behaviour that, as re-
peatedly pointed out, involves multiple genes, rather than one or
two major genes, as well as non-genetic sources of variance’’.
One of the most interesting developments of behaviour genetics
is the attempt to combine quantitative genetics with molecular
approaches in order to move towards complex behavioural traits
determined by many genes and depending on environmental
factors. Convergence of quantitative and molecular genetics in
order to deal with complex quantitative traits has resulted in the
study of multigenic systems through Quantitative Trait Locus
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((1(3301;23 dartlce)dif}sles: In lrecent ye?rs, increasing attention has been

: ¢ Involvement of stressful experi li

in the development and e ion ehopathoiins yemts)

' xpression of psychopathol

over, a diathesis-stress h is R
ypothesis has been pro d i

suggests that environmental fact specitie for'a amch
' Ors are not specific for a give

fazz‘;‘lh(zilggy, V\{hereas genetic factors (diathesis) are. Result§ obr—1

ed in animal models support to this hypothesis. For exam-

bances related to dj i
o diffe i
tems™ It is possible that throteh she oy gL STer sys-
e method, nov li
to the study of the i disoned ed
genetics of human psychiatric di v
o o udy of 4 ne psychiatric disease, may
; escription of the different ph inv
. | . , ; types involved
In a particular disease. As a mat il i
: . ter of fact similar hiatri
symptoms may be due to different ioms, 16 commples
ton neural alterations, t 1
genetic interactions and regul at more sophi.
. g gulatory processes that more sophi
. N O B
ticated genetic analyses, such as QTL, might reveal, thus S\}/léls"—

comti e 7
ming some of the difficulties deriving from more simplistic

one-dimensional approaches.
megg;% de;gg;:eacf reflects a sff%lft of the genetic approaches to
m ; - AS a matter of fact, several biological :
ities have been implicated in famils hi o ormal-
: . , mily and high risk stud;i
sible intermediate ph ing 5 logical oo
i phenotypes. Targeting such biologi i
festations as “intermedi Fio B relative e mani-
\ ate phenotypes” is a relativel
proach aiming to reduce a number of ibility gencs and oo
clarify the biological mechanis y which s Sgenes and o
fy tk ms by which such i
the likelihood of emer ini fliness. One of
od o gence of a clinical mental illness. O
Eﬁs rr;lasit significant examples is the case of the relatioﬁshri]e (o)g
funiiiOon~OAE1ethyltﬁansferase (COMT) genotype with prefrofltal
; - Abnormalities in prefrontal informati : i
are well documented characteristi ationts with cping
_ : ristics of patients with schis
phrenia, a fact that has been corr i 1 the DA
: elated to a variant in th
sequence of the COMT gene that is i vith & chanes 1
ue associated with a ch i
?rcc:i;\f[:lydof the‘enzf)l/lme angigthat had a predicted effect gggpeflen
opamine runction™. It should be noted i i X
of the COMT val itself acco ol e mheritance
: unts for a very small increase in ri
}13) the geneyal ‘population, approximately 1.5-2 fold inc?egfel?
wever, as indicated by Weinberger (2002), the COMT data rep-.
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resent the first clear success since it has moved the genetics of
psychiatric illness from the realm of statistics and probabilities
to the concrete reality of biology mechanisms of susceptibility™.

Final remarks
In conclusion, there is no doubt that schizophrenia, mood

disorders and autism are characterized by a genetic component
even though the existence of a genetic component does not min-
imize the role of the environment and of critical life events. De-
spite many analyses pointing out to a genetic component no
linkage study has been successful up to date, apart, probably, the
case of autism, in order to explain the range of symptoms char-
acteristic of a specific mental disease. As a matter of fact, despite
many studies there is no evidence for major genes being re-
sponsible for the psychiatric diseases considered. If no major
genes play a critical role, quantitative trait loci analyses might
prove fruitful in future research to track the role of different
genes contributing to the outcome of different psychopatholo-
gies. The main problem, however, is the difficulty of carrying out
quantitative analyses since today’s diagnostic tools do not allow
a quantitative approach to these phenotypes: in other words,
there is still a gap between the consistency of diagnostic tools

and the power of today’s genetic analyses.
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