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Recent Advancesin
Genetic Research on Schizophrenia

Evidence for genetic factors in schizophrenia is reviewed with regard to fami-
ly, twin and adoption studies, and recent advances in molecular genetic tech-

nology are applied to explore possible gene loci susceptible to schizophrenia.
Application of neuropsychological and neuroimaging methodologies are also
reviewed with an aim to develop criteria for defining phenotypes for genetic

studies.

Studies of nuclear and extended families have consis-
tently found higher rates of schizophrenia among relatives
of schizophrenic patients compared with relatives of nor-
mal controls and relatives of patients with mood disorders
[28]. Moreover, the more closely a person is related to a
schizophrenic, the greater is that person’s risk of having
schizophrenia. For example, the rate of schizophrenic dis-
orders among the parents, siblings and children of schizo-
phrenic patients is about 10%, but the risk to uncles,
aunts, grandparents and grandchildren is only about 3%.

The fact that schizophrenia runs in families suggests
that it has a genetic etiology. But disorders can run in fam-
ilies for nongenetic reasons such as cultural transmission,
or the effects of common environmental circumstances
(e.g. social class, poor nutrition, exposure to viruses or
other toxins). To determine if a familial disorder is genet-
ic, researchers use twin and adoption studies.

The twin study is based on the fact that monozygotic
(MZ) twins are genetically identical but dizygotic (DZ)
twins share, on the average, only one half of their genes.
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Therefore a higher concordance rate for schizophrenia
among MZ compared with DZ twins would provide
strong evidence for the importance of genetic mecha-
nisms in the etiology of a disorder. The logic of twin
research requires the assumption that both MZ and DZ
twins share a common environment, but differ in the
degree to which they share genes. Current evidence sup-
ports this assumption [12].

The twin study data for schizophrenia is unequivocal
in implicating genetic factors. For example, Gottesman
and Shields [8] studied a pooled sample of 550 MZ and
776 DZ twin pairs in a review of the literature. They
reported concordance rates of 57.7 and 12.8% for MZ and
DZ twins, respectively. Kendler [12] reviewed the evi-
dence for environmental influences peculiar to MZ twins
that might make their likelihood of developing schizo-
phrenia greater than that of DZ twins. He concluded that
there is little evidence of such a difference. He also sum-
marized nine twin studies from eight countries involving
401 MZ twin pairs and 478 DZ twin pairs. Overall, 53%
of the MZ twin pairs were concordant for schizophrenia,
whereas only 15% of the DZ twin pairs were concordant.
This significant difference between concordance rates for
the two types of twin pairs strongly implicates genetic fac-
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tors in the causation of schizophrenia. Although twin
studies implicate genetic factors, they also underscore the
effects of the environment. Because the MZ twin concor-
dance rate is less than 100%, environmental factors must
play a critical role.

Adoption studies assess the genetic contribution to
schizophrenia by studying children of schizophrenics who
were not raised by their schizophrenic parent. Heston [10]
found higher rates of schizophrenia in the adopted-away
children of schizophrenic mothers compared with the
adopted-away children of nonschizophrenic mothers. The
Danish-American adoption study of schizophrenia found
that the biological relatives of adoptees with schizophre-
nia had significantly higher rates of schizophrenia than
the biological relatives of control adoptees without schizo-
phrenia and the nonbiological adoptive relatives of
schizophrenics [13]. Both of these studies confirm the
twin data by implicating genes in the genesis of schizo-
phrenia.

The methodology for finding genes, known as linkage
analysis, is now fairly routine. It has been successful for
many medical diseases but has only produced suggestive
findings for schizophrenia. Attempts to examine all chro-
mosomes have failed to produce unequivoval linkage
findings [2, 3]. Pulver et al. [18] suggested the possibility
of linkage to the long arm of chromosome 22 and consis-
tent findings were reported by other investigators [4, 17,
29]. However, a collaborative study reported by Pulver et
al. [19] excluded linkage to chromosome 22 loci and
another study could not find evidence of linkage [11]. Gill
et al. [21] reported a combined analysis of eleven schizo-
phrenia linkage data sets. As a group, these data provided
statistically significant evidence for linkage. However,
their analyses suggested that the putative schizophrenia
gene accounted for about 2% of the variability in the lia-
bility to develop the disorder.

Evidence implicated a schizophrenia gene on chromo-
some 6p in a series of 186 Irish schizophrenia families
[25, 30]. Findings consistent with this work have subse-
quently been reported [15, 23], although not consistently
[1, 9, 16]. A multicenter study examined the 6p linkage
and also a locus in chromosome 8 [22]. Their results were
described as inconclusive, but suggestive of a linkage.

The difficulty in finding genes linked to schizophrenia
suggests that, although developments in molecular and
statistical genetics have made it straightforward to find a
replicate linkage for simple single gene disorders, it will be
more challenging to map etiologically complex disorders
such as schizophrenia [20]. We have suggested that diag-
nostic categories, and the psychiatric signs and symptoms
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that constitute them, probably reflect relatively remote
and variable effects of genes that predispose to schizo-
phrenia [5, 27]. In contrast, neurobiological features may
be more closely tied to brain function than clinical psy-
chiatric diagnoses.

To address this issue, we have studied the nonpsychot-
ic relatives of schizophrenic patients with neuropsycho-
logical tests and magnetic resonance imaging of the brain.
These relatives show impaired abilities to abstract infor-
mation, attend to auditory stimuli, and remember verbal
material [5-7]. These impairments are associated with
one another in schizophrenia families [26] and are more
marked in females [14]. Using high resolution magnetic
resonance imaging, we showed structural abnormalities
among adult siblings of schizophrenic patients [24]. Gray
matter volumes of subcortical structures were consistently
smaller and ventricular volumes were larger among rela-
tives than controls. These results suggest that some rela-
tives of schizophrenic patients, even though they are not
schizophrenic, suffer from a neurodevelopmental disor-
der that has a pathophysiology which is similar to but
milder than that observed among schizophrenic patients.

Acknowledgement

The work described in this study was supported in part by grants
from NIMH MH 43518 and MH 46318 (to Dr. Tsuang) and by
Veteran’s Affairs Cooperative Studies grant No. 366 (to Dr.
Tsuang).

J Biomed Sci 1998;5:28-30 29



—_

References

Antonarakis SE, Blouin J-L, Pulver AE, et al.
Schizophrenia susceptibility and chromosome
6p24-22. Nat Genet 11:235-236;1995.

Barr CL, Kennedy JL, Pakstis AJ, et al. Pro-
gress in a genome scan for linkage in schizo-
phrenia in a large Swedish kindred. Am J Med
Genet 54:51-58;1994.

Coon H, Jensen S, Holik J, et al. A genomic
scan for genes predisposing to schizophrenia.
Am J Med Genet 54:59-71;1994.

Coon H, Holik J, Hoff M, et al. Analysis of
chromosome 22 markers in 9 schizophrenia
pedigrees. Am J Med Genet 54:72-79;1994.
Faraone SV, Seidman LJ, Kremen WS, Pepple
JR, Lyons MJ, Tsuang MT. Neuropsychologi-
cal functioning among the nonpsychotic rela-
tives of schizophrenic patients: A diagnostic
efficiency analysis. J Abnorm Psychol 104:
286-304;1995.

Faraone SV, Seidman LJ, Kremen WS, Too-
mey R, Lyons MJ, Tsuang MT. Neuropsycho-
logical functioning among the elderly nonpsy-
chotic relatives of schizophrenic patients. Schi-
zophr Res 21:27-31;1996.

Faraone SV, Seidman LJ, Oscar-Berman M,
Kremen WS, Toomey R, Tsuang MT. Object
alternation deficits in first-degree relatives of
schizophrenic patients. International Congress
on Schizophrenia Research, Colorado Springs,
1997.

Gottesman II, Shields J. Schizophrenia and
Genetics: A Twin Study Vantage Point. New
York, Academic Press, 1972.

Gurling 11, Kalsi G, Chen All, et al. Schizo-
phrenia susceptibility and chromosome 6p24-
22. Nat Genet 11:234-235;1995.

Heston LL. Psychiatric disorders in foster
home-reared children of schizophrenic moth-
ers. Br J Psychiatry 112:819-825;1966.

Kalsi G, Brynjolfsson J, Butler R, et al. Linkage
analysis of chromsome 22q12-13 in a United
Kingdom/Icelandic sample of 23 multiplex
schizophrenia families. Am J Med Genet 60:
298-301;1995.

12

13

16

17

20

Kendler KS. Overview: A current perspective
on twin studies of schizophrenia. Am J Psy-
chiatry 140:1413-1425;1983.

Kety SS, Rosenthal D, Wender PH, Schulsin-
ger F, Jacobson B. The biologic and adoptive
families of adopted individuals who became
schizophrenic: Prevalence of mental illness and
other characteristics. In: Wynne LC, Cromwell
RL, Matthysse S, eds. The Nature of Schizo-
phrenia: New Approaches to Research and
Treatment. New York, Wiley, 1978.

Kremen W, Goldstein J, Seidman LJ, et al. Sex
differences in neuropsychological function in
nonpsychotic relatives of schizophrenic pro-
bands. Psychiatry Res 66:131-144;1997.
Moises HW, Yang L, Kristbjarnarson H, et
al. An international two-stage genome-wide
search for schizophrenia susceptibility genes.
Nat Genet November:321-324;1995.

Mowry BJ, Nancarrow DJ, Lennon DP, et al.
Schizophrenia susceptibility and chromosome
6p24-22. Nat Genet 11:233-234;1995.
Polymeropoulos MH, Coon H, Byerley W, et
al. Search for a schizophrenia susceptibility
locus on human chromosome 22. Am J Med
Genet 54:93-99;1994.

Pulver AE, Karayiorgou M, Wolyneic P, et al.
Sequential strategy to identify a susceptibility
gene for schizophrenia on chromosome 22q12-
ql3.1. Part 1. Am J Med Genet 54:36-43;
1994.

Pulver AE, Karayiorgou M, Lasseter VK, et al.
Follow-up of a report of a potential linkage for
schizophrenia on chromosome 22q12-q13.1.
Part 2. Am J Med Genet 54:44-50,1994.
Risch N. Genetic linkage and complex dis-
eases, with special reference to psychiatric dis-
orders. Genet Epidemiol 7:3-7;1990.

30

J Biomed Sci 1998;5:28-30

21

22

23

24

25

26

27

28

29

30

Schizophrenia Collaborative Linkage Group
(Chromosome 22). A combined analysis of
D22S278 marker alleles in affected sib-pairs:
Support for a susceptibility locus at chromo-
some 22q12. Am J Med Genet 67:40-45;1996.
Schizophrenia Linkage Collaborative Group
for Chromosomes 3, 6 and 8. Additional sup-
port for schizophrenia linkage on chromo-
somes 6 and 8: A multicenter study. Am J Med
Genet 67:580-594;1996.

Schwab SG, Albus M, Hallmayer J, et al. Eval-
uation of a susceptibility gene for schizophre-
nia on chromosome 6p by multipoint affected
sib-pair linkage analysis. Nat Genet Novem-
ber:325-327;1995.

Seidman LJ, Faraone SV, Goldstein JM, et al.
Reduced subcortical brain volumes in nonpsy-
chotic siblings of schizophrenic patients. Biol
Psychiatry 39:602;1996.

Straub RE, MacLean CJ, O’Neill FA, et al. A
potential vulnerability locus for schizophrenia
on chromosome 6p24-22: Evidence for genetic
heterogeneity. Nat Genet November:287-293;
1995.

Toomey R, Faraone SV, Seidman LJ, Kremen
WS, Lyons MJ, Tsuang MT. Cooccurrence of
vulnerability markers in relatives of schizo-
phrenic patients. American Psychiatric Asso-
ciation Annual Meeting, May 1996. New York,
1996.

Tsuang MT, Faraone SV, Lyons MJ. Identifi-
cation of the phenotype in psychiatric genetics.
Eur Arch Psychiatry Clin Neurosci 243:131-
142;1993.

Tsuang MT, Faraone SV. Epidemiology and
Behavioral Genetics of Schizophrenia. In: Wat-
son SJ, ed. Biology of Schizophrenia and Affec-
tive Disease. New York, Raven Press, 1994.
Vallada HP, Collier D, Sham P, et al. Linkage
studies on chromosome 22 in familial schizo-
phrenia. Am J Med Genet 60:139-146;1995.
Wang S, Sun C, Walczak C, et al. Evidence for
a susceptibility locus for schizophrenia on
chromosome 6pter-p22. Nat Genet 10:41-46;
1995.

Tsuang



