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Pharmacogenetics of lithium response

in bipolar disorder
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Lithium is the first-line treatment for bipolar disorder. In the past, genetic studies have attempted to iden-
tify factors associated with positive treatment response or side effects. Several research groups have shown
that familial factors, family history of primary bipolar disorder, and negative family history of schizophrenia
in particular, correlate well with prophylactic lithium response. Conversely, studies of lithium responsive
patients and their families can assist genetic research of bipolar disorder. Lithium responders appear to suf-
fer from a form of bipolar disorder that is more genetically based and more homogeneous. In a series of
family studies, the author and his colleagues have confirmed the differences in family histories of lithium
responders and nonresponders and shown that the mode of inheritance in lithium responders is compati-
ble with a major-gene model. Subsequently, they initiated an international collaborative study to map the
gene(s) predisposing to the illness or treatment response, or both, using both linkage and association strate-

gies. To date, a sample of 32 families, 138 unrelated patients and 163 control subjects has been studied. In
these studies, they found support for the role of phospholipase C in lithium responsive bipolar disorder.

Le lithium est le traitement de premiere ligne contre le trouble bipolaire. On a essaye dans le passe, dans
le cadre d'etudes de genetique, d'identifier des facteurs associes a une reaction positive au traitement ou

a des effets secondaires. Plusieurs groupes de chercheurs ont montre qu'il est possible d'etablir de bons
liens entre des facteurs familiaux, des antecedents familiaux de trouble bipolaire primaire et des antece-
dents familiaux negatifs de schizophrenie en particulier avec une reaction au lithium prophylactique. Par
ailleurs, des etudes realisees sur des patients qui reagissent au lithium et sur les membres de leur famille
peuvent aider la recherche genetique sur le trouble bipolaire. Les sujets qui reagissent au lithium semblent
atteints d'une forme de trouble bipolaire fonde davantage sur des elements genetiques et plus homogene.
Dans le contexte d'une serie d'etudes familiales, I'auteur et ses collegues ont confirme la difference au

niveau des antecedents familiaux chez les sujets qui reagissent au lithium et chez ceux qui n'y reagissent
pas et montre que l'heredite de la reaction au lithium est compatible avec un modele a gene majeur. Par
la suite, ils ont lance une etude internationale en collaboration pour cartographier les genes qui predis-
posent a la maladie ou a la reaction au traitement, ou les deux, en utilisant a la fois des strategies d'eta-
blissement de liens et d'associations. Jusqu'a maintenant, ils ont etudie un echantillon de 32 familles, 138
patients non apparentes et 163 sujets temoins. Dans le cadre de ces etudes, ils ont constate que les don-
nees appuyaient le r6le de la phospholipase C dans le trouble bipolaire qui reagit au lithium.
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Introduction

Lithium is considered the treatment of choice for bipo-
lar disorder. Studies have shown its efficacy in the
treatment of mania and in the prophylactic treatment
of bipolar illness. Although lithium acts at many bio-
chemical and cellular levels, its effect in bipolar illness
is more specific than with all other psychotropic
drugs. Genetic factors may be connected with the use

of lithium in mood disorders, in that they can influ-
ence the effect of the drug and can be used to predict
treatment response. Conversely, response to lithium
and its mechanism of action can be helpful in the
genetic research of bipolar disorder. Bipolar disorder
has a strong familial basis. Although the evidence
from family, twin and adoption studies points to the
genetic origin of familial clustering, the genetic mech-
anisms remain unknown.

Genetic factors influencing
the effects of lithium

The pharmacokinetic properties of lithium are relative-
ly simple. It is not metabolized; it is eliminated
unchanged almost exclusively by the kidneys.
However, genetic factors appear to influence the distri-
bution of lithium ion between extracellular and intra-
cellular compartments. The so-called lithium ratio is the
ratio of extracellular concentration to intracellular con-

centration. It is determined by passive transport of lithi-
um into the tissues along the concentration gradient
and by active transport, which includes sodium-lithi-
um exchange, inversely correlated with the lithium
ratio. The ratio itself appears to be under genetic influ-
ence.1 It has even been suggested that a single gene may
control it.2 More recent studies indicate, however, that
several genes are involved in the sodium-lithium coun-

tertransport alone.3
The lithium ratio has been studied since the 1970s as

a possible state marker4 and as a putative factor in pre-

dicting lithium prophylactic response.5 It has been sug-

gested that lithium transport could be the key to the eti-
ology of bipolar illness.5'6 More recent studies have indi-
cated that neither the lithium ratio nor sodium-lithium
countertransport are associated with affective disor-
ders7 or treatment response."'0 The proposition that the
lithium ratio correlates with family history has been un-

challenged for the most part.11'12
Because the lithium ratio reflects the distribution of

lithium in extracellular and intracellular compart-
ments, it is conceivable that it can be related to side
effects of the treatment.1""5 Strickland et al'6 found
higher tissue concentrations of lithium in African-
American people, in whom side effects tend to devel-
op more frequently during lithium treatment. The
lithium ratio can also be helpful in establishing that
the observed clinical improvement is the result of the
treatment and not the natural course of illness;"7 for
instance, in patients with a good treatment response

on low serum lithium levels and an adequate lithium
ratio.

Family history and
prediction of lithium response

Genetic information has been used to predict response

to lithium treatment. So far, the most reliable predictors
have been the clinical characteristics of patients.
Typical responders to prophylactic lithium treatment
have a nonrapid cycling course of primary bipolar ill-
ness. These patients also typically have an episodic
course of illness with full remissions, reflected in nor-

mal Minnesota Multiphasic Personality Inventory
(MMPI) profiles at optimum.9"8 Family history and the
absence of N blood group",' are other factors associat-
ed with favourable response. It is of interest that the
MN locus has been linked to the sodium-lithium coun-

tertransport.2'
The value of family history in predicting lithium

response is based on a number of family and family his-
tory studies.'9'22 In particular, family history of bipolar
illness is associated with lithium response, whereas
family history of schizophrenia is not.
A theoretically interesting, yet unanswered, question

is whether affected relatives respond to the same med-
ication. Although considered to be the case for antide-
pressants, this issue has not been systematically stud-
ied. McKnew et a1P3 observed that children of parents
successfully treated with lithium shared some of their
parents' response characteristics and some showed
improvement with lithium treatment. Clinical experi-
ence also supports the view that relatives of people who
respond to lithium often, but not always, stabilize while
receiving lithium. However, it will be difficult to
demonstrate the familial effects of treatment response

in a prospective controlled study. Such a study would
require a large sample of affected pairs of relatives treat-
ed according to the same protocol.
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Using treatment response to study
genetic mechanisms of bipolar disorder

The link between genetic factors and lithium response
can also be used to answer questions about the inheri-
tance of bipolar disorder. Patients responsive to pro-
phylactic lithium could be used to define more homo-
geneous populations for genetic studies. Heterogeneity
has plagued much of psychiatric genetic research; dif-
ferent ways of reducing clinical and genetic hetero-
geneity have been proposed with limited success. It has
been suggested, for example, that investigations of eth-
nically homogeneous populations or groups defined by
clinical characteristics such as early onset might lead to
more conclusive genetic findings.
Because the effects of lithium are relatively specific in

comparison with all other treatments used in psychia-
try, well-characterized lithium responders could pro-
vide clues to the nature of the genetic susceptibility.

It is beyond the scope of this paper to discuss in detail
the issues pertaining to the definition of lithium
response for research purposes. It is, however, neces-
sary to point to some issues that make this different
from assessing treatment response in a clinical setting.
The clinical course of affective disorders is highly vari-
able and largely unpredictable. In research, symptom-
free periods in the natural course of the illness must be
differentiated from those representing the true prophy-
lactic effect of a mood stabilizer. To date, the clinical
course of affective disorders in individual patients can
be best approximated by previous patterns. This means
that patients who have been treated early in the course
of their illness may provide less information with
respect to their treatment response, whereas those with
a high number or frequency of episodes are likely to
continue experiencing recurrences of the illness.
Genetic studies of lithium response to date can be

divided into family studies comparing the rates of vari-
ous illnesses in the relatives of responders and non-
responders, studies examining the mode of inheritance,
and molecular genetic studies searching for specific sus-
ceptibility genes. Family studies suggest that lithium
responders are genetically distinct from nonresponders
and that their illness appears to have a stronger genetic
basis."9
Although accepted by most researchers, the associa-

tion of family history and favourable treatment re-
sponse has not been supported uniformly. For instance,
Dunner et al24 did not find any differences in family his-

tories, and Misra and Burns27 found positive family his-
tory in nonresponders to lithium. Engstrom et a126 found
better response in patients with less familial loading for
affective disorders and interpreted this as a sign of
anticipation- that is, a more severe form of illness and
earlier onset in subsequent generations of affected fam-
ily members.

In studies exploring the mode of inheritance, the
genetic transmission of the illness was compatible with
a single-gene effect.27 Although segregation analyses
should be considered hypothesis-generating rather
than testing, such results are promising for molecular
genetic investigations.

In a research group at the University of Ottawa in
Ottawa, Ontario, I and colleagues have investigated the
issue of genetics and lithium response in a systematic
fashion for a number of years. In a series of family stud-
ies, we have confirmed that responders' relatives are at
higher risk for bipolar disorder, whereas nonresponders
had more relatives with schizophrenia.19 In the families
of responders, we observed clustering of bipolar, unipo-
lar and schizoaffective disorders. Alcoholism did not
appear to be genetically associated with affective disor-
ders in either responders' or nonresponders' families.28
In 2 separate studies,2930 we found that the most likely
mode of transmission involves a gene with a major
effect, and the data were not compatible with a poly-
genic model with sex-specific thresholds. In a study of
high-risk people, we observed that it may be the nature
of the clinical course rather than any specific symptoms
that best differentiate the affectively ill offspring of lithi-
um responsive and nonresponsive parents.31
Molecular genetic studies of lithium responsive bipo-

lar illness are rare, and most have had negative results.
In collaboration with other centres of the International

Group for the Study of Lithium (IGSLI)- namely, lithi-
um clinics in Arhus, Berlin, Goteborg, Prague and
Vienna - we initiated a collection of excellent lithium
responders, their families and unrelated control subjects.
The sample consisted of 32 families, 138 unrelated
patients and 163 controls. In association studies of lithi-
um responders and controls, we observed no differences
with respect to the tyrosine hydroxylase marker32 or a set
of markers on chromosome 18 including the gene for GOLF
protein.33 Similarly, no linkage to chromosome 18 mark-
ers was found in 25 families of lithium responders.-
These initial investigations focused on genes implicated
by other research groups. Tyrosine hydroxylase is a rate-
limiting enzyme in catecholamine synthesis and has
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Lithium response in bipolar disorder

been suggested as a candidate gene in several linkage
and association studies.32 Similarly, chromosome 18 has
been a subject of intensive analyses since 1994 when
Berrettini et al35 suggested a linkage of bipolar disorder
to markers in the pericentromeric region.
Thus far, the most promising result has been obtained

with the gene for phospholipase C.?6 Phospholipase C is
an enzyme in the phosphoinositol cycle that is assumed
to be a target of lithium. In an association study we
observed a difference in distributions of alleles of PLCG1
polymorphism, an untranslated (CA),, repeat, between
patients and controls, namely higher frequency of
longer alleles among patients (p = 0.012). Furthermore,
in a linkage study with the same polymorphism, we
found modestly positive lod score (lod = 1.45, empirical
p = 0.004) in 13 families characterized by unilineal trans-
mission. Although this research strategy is promising, a
number of questions remain unanswered.
Studies and clinical experience support the view that

patients who respond to lithium suffer from a typical,
Kraepelinean, episodic form of bipolar illness. It is not
clear, however, whether this is a distinct subtype or
whether this is a core subgroup not complicated by
other conditions such as personality disorders or sub-
stance abuse. The family studies, however, favour the
former possibility. Alternatively, response to treatment
could be influenced by a separate genetic factor inde-
pendent of the predisposition to the illness itself.
Clarification of these questions and will depend on the
availability of a large number of families whose affect-
ed members are treated in a way allowing accurate
determination of treatment response; this will not be
easy. Molecular-genetic studies could, for example, use
affected sib pairs discordant for the treatment response
to search for genes not shared (identical-by-descent)
that could affect treatment responsiveness.

Conclusion

The link between genetic factors and various aspects of
lithium treatment has been a subject of investigation for
almost 3 decades. It has provided clinicians with practi-
cally useful information and researchers with important
questions that can contribute to a better understanding
of bipolar disorder.
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