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Abstract 

Recent research has shown that there are X-linked and possibly chromosome 11-linked forms of manic de- 
pression as well as at least one other autosomal form. Segregation analyses of large affected families and the 
finding of genetic linkage between chromosome specific markers and manic depression mutations provide 
strong evidence that bipolar as well as unipolar forms of manic depression (MD) within the same family are 
inherited as a dominant gene disorder. This clarification of the etiology of certain types of depression should 
bring changed attitudes within psychiatry and may serve to stimulate discusssion of the role of evolutionary 
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mechanisms. From a clinical point of view, it has now become possible to determine whether clinical (pheno- 
typic) variation reflects the underlying genotypic heterogeneity of linkage. A preliminary analysis of data from 
four recent studies shows that there is no clear correlation between such clinical features as the ratio of unipolar 
to bipolar cases and the genotypic form of manic depression. Further recombinant DNA research, proven to be 
successful in other genetic diseases, can soon be applied to manic depression. The specific problems posed by 
manic depression for these techniques are discussed. 

Index Entries: Manic depression; heterogeneity, genotypic; X-linkage; chromosome 11qinkage; variation, 
phenotypic. 

Manic Depression 
and Genetic Analysis 

Manic depression is a severe mental illness 
that has a lifetime prevalence of about one per- 
cent. It can be expressed as either a bipolar dis- 
order with elated phases and grandiose delu- 
sions, followed by depression, or simply as a re- 
current unipolar depression. The depression 
that occcurs as part of the bipolar illness, as well 
as the recurrent unipolar depression, may be se- 
vere with suicidal ideas and delusions of self 
blame and sometimes with auditory hallucina- 
tions of voices denigrating the patient. Many 
other types of depression exist, and it is some- 
times not possible to differentiate a mild unipo- 
lar "manic depressive" depression when there is 
no evidence of mania or hypomania from an 
environmentally-caused, unipolar depression. 
It has been well known for a long time that the 
recurrence risk of unipolar and bipolar disor- 
ders is high in the first- and second-degree rela- 
tives of manic depressives. However, m o d e m  
methods of segregation analysis have only re- 
cently shown that the pattern of recurrence is 
that of dominant  Medelian inheritance with age 
of onset variation (Pauls, 1985). The most con- 
vincing proof of dominant  gene transmission 
has come from the recent genetic linkage re- 
search (Egeland et al., 1987; Baron et al., 1987) in 
which a standardized diagnostic system was 
employed (Spitzer and  Endicott, 1978). 

The first positive statistical investigation of 
X-linkage in manic depression was carried out 
nearly 20 years ago (Reich et alo, 1969), and it has 

taken many years for this preliminary result to 
be confirmed by the statistical criterion of a log 
score (log10 ,,d 3 ~ the odds for linkage between 
marker and disease loci against nonlinkage) 
above 3 in two separate studies. This has been 
achieved by Baron and coworkers in Israel 
(Baron et al., 1987) using the color blindness and 
gluscose-6-phosphate-dehydrogenase loci as 
linkage markers and also by Mendelwicz et al. 
(1987) in Belgium who used the taq I DNA poly- 
morphism at the factor IX locus. The chromo- 
some-11 linkage for manic depression has been 
reported by Egeland et al. (1987). In contrast, 
work in our own laboratory (Hodgkinson et aL, 
1987) and in the USA (Detera Wadleigh et al., 
1987) also using the same diagnostic instru- 
men t s  has failed to confirm chromosome 11- 
linkage and has rejected this locus as being re- 
sponsible in six extended kindreds. Unpub- 
lished work on an Irish family in Dublin (Gill, 
1988) has produced another negative chromo- 
some-11 result. We have also shown that the X- 
chromosome mutation near the factor IX gene is 
not responsible for causing manic depression in 
any of the five large families we  have studied so 
far (Sherrington et al., unpubl ished data). 

It is possible that m o d e m  cultural and social 
factors may have an influence on the expression 
of the MD genotype that has made  it more or less 
penetrant than before. Some evidence that pen- 
etrance for manic depression has increased 
since 1940 has emerged recently (Gershon et al., 
1987). A simple evolutionary explanation for 
the survival of the MD phenotype is that it arises 
as a number  of random mutational events at 
various loci with relatively late expression in the 
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life cycle that have not affected fertility and fit- 
ness very much. The phenotype as a whole 
could be the result of such a mutation interfer- 
ing with the brain systems controling mood and 
activity, but in itself the mutation has not played 
a role in the evolutionary development of these 
behavioral systems as a whole. A proportion of 
cases may of course be new mutations and chro- 
mosomal "hot spots" for such mutations may ex- 
ist at specific loci. 

The effect of a specific mutation will be mod- 
ified by other genes, an effect known as epista- 
sis. Such epistasis may involve many genes or a 
single gene. Recent work in Drosophila genetics 
has found the unexpected effect that the vari- 
ance of a trait may increase rather than decrease 
after there has been an experimentally induced 
restriction of the number of alleles (genetic bot- 
tleneck) in a breeding population (Bryant, 1986). 
Using the definition of epistasis current in pop- 
ulation and quantitative genetics when it refers 
to all non-allellic gene interactions. It seems 
possible, therefore, that relatively isolated pop- 
ulations, such as the Amish, may demonstrate 
epistatic effects not seen in more heterogeneous 
populations. 

Clinical Heterogeneity 
and Genotypic Forms 
of Manic Depression 

The finding of linkage heterogeneity for ma- 
nic depression has complicated the outlook for 
future linkage studies. It will now be necessary 
to apply statistical tests for heterogeneity when 
conducting studies on relatively small family 
units when no single family provides enough 
statistical power. Diagnosis in the recent gene- 
tic linkage studies was uniformly made using 
the Research Diagnostic Criteria (RDC) of 
Spitzer and Endicott (1978). The system in- 
cludes the categories of Bipolar I (mania) and Bi- 
polar II disorder (hypomania) as well as major 
depressive disorder (unipolar depression). 
Unipolar depressions may be psychotic or non- 

psychotic. In order to determine whether cer- 
tain clinical features of manic depression are 
specific to the recently determined genetic sub- 
types, we carried out a comparison across the 
published linkage studies. For the purposes of 
comparison, we counted schizo-affective cases 
together with bipolar I and bipolar II cases~ This 
comparison is shown in Table 1. Only those in- 
dividuals over the age of 18 have been counted 
as being at risk. 

The largest sample is that of the Israeli study. 
The proportion of those at risk who received af- 
fective disorder diagnoses is highest in Iceland 
and lowest in the Amish (chi2 = 6.71, d.f. = 1, p 
< 0.01). This could be a result of differences in 
age distribution within the families or because 
of environmental and polygenic background ef- 
fects. The proportion of cases of depression who 
are schizo-affective or bipolar as opposed to 
unipolar is highest in the Amish (74%) and low- 
est amongst the Icelandic (46%), but the dif- 
ferences do not reach statistical significance 
(chi2 = 3.24, d.f. = 1, p < 0.1) even when cases of 
unipolar depression complicated by alcoholism 
are excluded. It is noteworthy that alcoholism, 
combined with unipolar depression, is confined 
to the Icelandic populations. When the rates of 
unipolar depression, uncomplicated by alco- 
holism, are compared between the Icelandic 
populations and the nonalcohol drinking, Seph- 
ardic Jewish families, similar incidences are 
found. Schizo-affective mania is found rarely in 
both the X-linked as well as the non-11/non-X 
forms. It is interesting to note that the pedigrees 
published by Hodgkinson et al. (1987) and by 
Baron et al. (1987) show specific families both in 
Iceland and Israel in which the bipolar rather 
than the unipolar type of expression is predomi- 
nant. It is possible, therefore, that there may be 
genetic or environmental familial factors influ- 
encing penetrance that are more important than 
the role of a specific mutation. The analysis is 
preliminary and we are currently carrying out 
statistical work to examine differences in age re- 
lated penetrance for the genotypically defined 
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Table 1 
Comparison of Clinical Diagnoses 

in Genetic Subtypes of Manic Depression 

Gurling et al. 

Non 11 and Non 11 and 
Chromosome 11 Non X, Non X, 
Linked, Amish Iceland USA" X linked, Israel 

Number  at risk 66 b 73 26 122 

Number  with no 
diagnosis 
of depression 

Number  of all 
affective 
disorder cases 

Number  of 
schizo-affective 
and bipolar 
cases 

Number  of 
unipolar 
cases 

Number  both 
unipolar 
and alcoholic 

Number  alcoholic 

Number  cyclothymic 

Number  schizo- 
affective 

47 (71%) 29 (40%) 11 (42%) 75 (62%) 

19 (29%) 44 (60%) 15 (58%) 47 (38%) 

14 (78%) d 20 (46%) d 9 (60%) d 24 (52%) d 

5 (26%) * 18 (41%) ~ 4 (27%) ~ 20 (43%)" 

0 6 0 0 

0 0 1 0 

0 0 1 3 

1 0 1 4 

"Larger number of individuals studied, but details not published (Detera Wadleigh et al., 1987). 
bNumber over the age of 18 (K. Kidd, personal communication). 
~Exduding alcoholic unipolar affective disorders. 
~Percentage of all affective disorder cases. 
'Percentage of all affective disorder cases. 
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forms of manic depression. Even though gene- 
tic linkage has not yet brought about a sub- 
classification of manic depression on clinical 
grounds, considerable benefit could be ob- 
tained from precisely defining the mutations 
causing the illness. Once this has been achieved 
the abnormal protein(s) could be identified, and 
as a result more new effective treatments could 
be designed. The problems in reaching this goal 
are discussed below. 

From Linkage to Locus: 
Recombinant DNA Approaches 
to Define the Mutations Causing 
Manic Depressive Psychosis 

The mutations responsible for manic de- 
pression may be deletions, base pair mutations, 
or some type of genetic rearrangement such as 
gene conversion. Techniques to define dele- 
tions have successfully been used in the study of 
Duchenne Muscular Dystrophy (DMD) and 
Chronic Granulotomatous Disease (CGD)o 
Kunkel et al. (1985) made use of an unusual 
DMD patient who had an interstitial deletion on 
the short arm of the X chromosome at Xp 21.1. 
As a result of using the Phenol-Enhanced Reas- 
sociation Technique (PERT), one clone detected 
genomic DNA deletions in some DMD patients 
and was closely linked to the disorder. Chromo- 
some "walking" identified further DNA in this 
region. Nonrepetitive DNA segments, which 
were highly conserved in many species, were 
identified using "zoo" blots by Monaco et al. 
(1985) and these were used to find candidate 
mRNA transcripts for the DMD gene. Such an 
approach could work for manic depression if 
such a deletion was identified. Our own survey 
of the cytogenetic studies of manic depression 
has not revealed a single reported instance of a 
case associated with a chromosomal abnormal- 
ity. Chronic granulotomatous disease is an- 
other disorder with a chromosomal deletion 
mapping to this area of the X chromosome. The 
deletion was identified cytogenetically in a 

combined CGD/DMD patient by Francke et al. 
(1985). Genomic clones generated by Monaco et 
al. (1985) that mapped to the Duchenne Mus- 
cular Dystrophy deletions also mapped to the 
deletion found in CGD. B-Cell lymphoblastoid 
lines created from a patient with CGD and a cy- 
togenetic deletion were used to prepare mRNA. 
After subtractive screening with cDNA pre- 
pared from mRNA from normal phagocytic 
cells, the resultant cDNA clones were hybrid- 
ized with the deletion clones. One clone iden- 
tified a phagocyte-specific mRNA that was 
absent from some patients and which exhibited 
a deletion in others (RoyerPokora et al., 1986). 
Such an approach could not easily be accom- 
plished in manic depression because of the com- 
plexity of brain mRNA and also because mRNA 
is not readily available except at postmortem 
where it may have degraded. 

An example of a molecular approach when 
there was no apparent cytogenetic deletion, but 
where the disease locus was shown to be on 
chromosome 7 by the DNA linkage markers 
MET and J3.11 is that which has been applied to 
Cystic Fibrosis (Escivill, 1987). In this instance, 
the critical finding that enabled successful fine 
mapping was the observed linkage disequili- 
brium between one of the linkage markers and 
the disease mutation. Normally, linkage 
marker polymorphisms are randomly associ- 
ated with mutations even when they are close 
enough to show linkage in genetic studies. 
However, if they are sufficiently close to each 
other so that very little recombination between 
the two has taken place during evolution, then 
both mutation and polymorphism will remain 
linked together and show up as a population as- 
sociation beween marker and disease among 
unrelated affected individuals. This is known 
as linkage disequilibrium or allelic association. 
Estivill et al. (1987) used physical mapping 
procedures to show that MET and J3.11 were 
very close to the disease locus and created cell 
lines that contained transgenomes including 
them. From these lines, a nonmethylated CpG 
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rare cutter cosmid library was created. This en- 
abled the isolation of Hpa II tiny fragments 
(HTF) islands that identified coding sequences. 
Clones were then selected on the basis of show- 
ing strong linkage disequilibrium with CF. 
"Zoo" blots were used to select clones that were 
highly conserved across species and these, in 
turn, were used to screen lung cDNA libraries 
for candidate genes. 

Such an approach is, of course, only feasible 
in MD when the localization of the disease locus 
is known and where markers sufficiently close 
to be in linkage disequilibrium with MD are 
identified. The problems of gentic heterogen- 
eity must be considered carefully when attemp- 
ting to establish such disequilibrium. One 
approach is the prior establishment of a manic 
depressive individual's genetic subtype by link- 
age analysis of the patient's family, followed by 
association analysis across unrelated cases who 
share a common subtype. Another approach is 
to obtain a sufficiently large sample of affected 
cases from many different families and then to 
hope that linkage disequilibrium for a particu- 
lar subtype will show through the noise. The 
success of the latter approach depends on just 
how heterogeneous manic depression turns out 
to be. At the present time, probably only one in 
three or less of all families are X-linked (Baron et 
al., 1987), and only one in seven families so far 
are of the chromosome-11 subtype. Confirma- 
tion of the chromosome 11-linkage has not yet 
been achieved either by extending the analysis 
to further affected cases in the Amish, orby find- 
ing chromosome 11-linkage in other families. 
Therefore it is still possible that the Amish result 
is spurious and that there are simply two forms 
of manic depression. This latter eventuality will 
make linkage disequil ibrium more easily 
established. 

Work in our laboratory is underway using 
highly polymorphic markers (Jeffreys et al., 
1985; Nakamura et al., 1987) that provide link- 
age information from every family in order to 
localize the non-11/non-X type of manic de- 
pression (Hodgkinson et al., 1987). We have 
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previously described some of the technical and 
methodological problems associated with this 
approach (Hodgkinson et al., 1987). The hyper- 
variable markers may be localized or unlocal- 
ized to specific chromosomes. In the latter case, 
it is necessary to obtain high resolution autora- 
diographs of restriction fragments and to study 
families with at least 10 or so affected cases. 

This is necessitated by the fact that the un- 
localized markers are very numerous and 
because each family will have fragments of dif- 
ferent sizes potentially linked to a disease locus. 
Hypervariable clones that have been localized 
to specific chromosomes are less problematic 
but only provide information about single loci 
rather than the "shotgun" linkage information 
obtained from the unlocalized clones. 

Other workers are investigating the role of 
candidate genes such as that encoding a subunit 
of the beta adrenergic receptor clone in manic 
depressive families (Wright and Reich, personal 
communication). Pharmacogenetic approaches 
such as the one employed by Dewar and Read- 
ing (1971) before the days of gene cloning may 
also be rewarding if modern methods are em- 
ployed. These researchers found changes in 
brain messenger RNA concentrations in re- 
sponse to lithium carbonate treatment (a treat- 
ment for manic depression) in rat brain. Now 
that cDNA clones can be constructed and identi- 
fied qualitatively rather than by the quantitative 
analysis of total mRNA, then this approach can 
be repeated with a greater chance of success in 
identifying genes involved in either the treat- 
ment or the causation of manic depression. The 
problem with this approach is that it depends on 
using an animal model that may not be applica- 
ble to humans. Secondly, drugs that are used to 
treat manic depression may not in fact alter 
brain mRNA levels and have other sites of 
action. 

Despite the problems of heterogeneity, mo- 
lecular biology seems poised to increase our un- 
derstanding of manic depression much more 
both at the level of the genome and also in terms 
of gene expression. 

Molecular Neurobiology Volume 2, 1988 



Molecular Genetics and Manic Depression 131 

Acknowledgments 
H. M. D. Gurl ing is a Wellcome Senior Fellow 

in clinical science. The research was funded  by 
the Wellcome Trust  and  the Rothschild Schizo- 
phrenia  Research Fund.  We gratefully acknow- 
ledge the k ind  assistance of Icelandair and  the 
NATO science directorate for suppor t  enabling 
international  collaboration. 

References 

Baron M., Risch N., Hamburger R., Mandel B., Kush- 
ner S., Newman M., Drumer Do, and Belmaker 
R. H. (1987) X chromosome markers and bipolar 
affective illness. Nature 326, 289-292. 

Bryant E. H. (1986) The effect of an experimental bot- 
tleneck upon quanititative genetic variation in the 
housefly. Genetics 114, 1191-1197. 

Detera Wadleigh S. D., Berritini W. H., Goldin L. R., 
Boorman D., Anderson G., and Gershon E. S. 
(1987) Close linkage of C Harvey-ras 1 and the 
insulin gene to affective disorder is ruled out in 
three North American pegigrees. Nature 325, 
783-787. 

Dewar A. J. and Reading H. W. (1971) Effect of Lith- 
ium administration on RNA metabolism in rat 
brain. Psychological Medicine 1, 254-259. 

Egeland J., Gerhard D. S., Pauls D. L., Sussex J. N., 
Kidd K., Allen C. R., Hostetter A. M., and Hous- 
man D. E. (1987) Bipolar affective disorderslinked 
to DNA markers on chromosome 11. Nature 325, 
783-787. 

Estivill X., Farrall M., Scambler P. J., Bell G. M., Haw- 
ley K. M. F., Lench N. J., Bates G. P., Kruyer, H. C., 
Frederich P. A., Stanier P., Watson E. K., William- 
son R., Wainright B. J. (1987) A candidate for the 
cystic fibrosis locus isolated by selection for me- 
thylation-free islands. Nature 326, 840-845. 

Francke U., Ochs H. D., De Martinville B., Giacalone 
J., Lindgren V., Distech V., Pagan R. A., Hofker 
M. H., Van Ommen G. K. S., Pearson P. L., and 
Wedgewood R. J. (1985) Minor Xp21 chromosome 
deletion in a male associated with expression of 
Duchenne muscular dystrophy, chronic granulo- 
matous disease, retinitis pigmentosa and McLeod 
Syndrome. Am J. Hum. Genet. 37, 250-267. 

Gershon E. S., Hamovit J. H., Guroff J. J., and Nurn- 
berger J. I. (1987) Birth-cohort changes in manic 
and depressive disorders in relatives of bipolar- 
and schizoaffective patients. Arch. Gen. Psychiat. 
44, 314-319. 

Gill M. (1988) Unpublished work. Accepted for pub- 
lication in the Journal of Medical Genetics, in press~ 

Hodgkinson S., Gurling H. M. D., Marchbanks R. M., 
McInnis M., and Petursson H. (1987) Minisatellite 
mapping in manic depression. J. Psychiat. Research 
21, 589-596. 

Hodgkinson S., Sherrington R., Gurling H. M. D., 
Marchbanks R. M., Reeders S. T., Mallet J., Peturs- 
son, H., and Brynjolfsson J. (1987) Molecular gene- 
tic evidence for heterogeneity in manic depres- 
sion. Nature 325, 805, 806. 

Jeffreys A. J., Wilson V., and Thein S. L. (1985) Hyper- 
variable "minisatellite" regions in human DNA. 
Nature 314, 67-73. 

Kunkel Ko M., Monaco A. P., Middlesworth W., Ochs 
H. D., and Latt S. A. (1985) Specific cloning of 
DNA fragments absent from the DNA of a male 
patient with an X chromosome deletion. Proc. 
Natl. Acad. Sci. USA 82, 4778-4782. 

Mendelwicz J., Simon P., Sevy S., Charon F., Brocas 
H., Legros S., and Vassart G. (1987) Polymorphic 
Marker on X chromosome and manic depression. 
Lancet 8544, 1230, 1231. 

Monaco A. P., Bertelson W., Middlesworth W., Col- 
lett C. A., Aldridge J., Fishbeck R., Bartlett R., 
Pericak-Vance M. A., Roses A. D., and Kunkel, 
L. M. (1985) Detection of deletions spanning 
Duchenne Muscular Dystrophy locus using a 
tightly linked DNA segment. Nature 316, 842--845. 

Nakamura Y., Leppert M., O'Connel P., Wolff R., 
Holm T., Culvier M., Martin C., Fujimoto E., Hoff 
M., Kumlin E., and White R. (1987) Variable num- 
ber of tandem repeat (VNTR) markers for human 
gene mapping. Science 235, 1616-1622. 

Pauls D. (1985) Segregation analysis of Bipolar and 
Unipolar disorders in the US Amish. Fourth 
World Congress in Biological Psychiatry, Phi- 
ladelphia, USA. 

Reich T., Clayton P. J., and Winokur G. (1960) Family 
history studies. V: The genetics of Mania. Am. J. 
Psychiat. 125, 1358-1369. 

Royer-Pokora B., Kunkel L. M., Monaco A. P., Goff 
S. C., Newburger P. E., Baehner R. L., Sessions Cole 
F. S., Curnutte J. T., and Orkin S. H. (1986) Cloning 

Molecular Neurobiology Volume 2, 1988 



132 Gurling et al. 

the gene for an inherited human disorder--chro- 
nic granulomatous disease on the basis of its 
chromosomal location. Nature 322, 32-38. 

Spitzer R. L. and Endicott J. (1978) Critical Issues in 
Psychiatric Diagnoses, Raven, New York. 

Molecular Neurobiology Volume 2, 1988 


