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Polypharmacy in oligopopulations: what psychiatric genetics
can teach biological psychiatry
Alexander B. Niculescu III

Psychiatric genetics and genomics have made major

strides in recent years. Some of that knowledge has yet to

permeate in the clinical practice of biological psychiatry.

The example of cancer-genetics, biology and clinical

treatments may be profitable in terms of accelerating

translational integration in psychiatry. We propose that

current developments in genetics and genomics point to an

Early Low-Dose Rational Polypharmacy in Oligopopulations

model for psychiatric pharmacotherapy. Psychiatr Genet
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Point of View Section: Genetics in Neuroscience

We are starting a new Point of View Section called ‘‘Genetics in Neuroscience’’. It
will be focused on how psychiatric genetics and genomics inform, and are in turn
informed by, the broader body of work in neurosciences. Our premise is that
advances in different fields can bootstrap and reinforce each other in a Bayesian
fashion, leading to breakthroughs that each field alone may not have been able to
make. While craftsmanship is to be prized at all times in any scientific field, and it
is particularly appreciated in mature fields like psychiatric genetics, creativity has
its place in moving fields forward, sometimes dramatically. We hope this section
will be a forum for new ideas and perspectives that will spur on discussions and,
more importantly, future interdisciplinary collaborative work.
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The genetic and genomic landscape
On the basis of the accumulated evidence so far, most

psychiatric disorders are thought to be complex, poly-

genic, non-Mendelian, with variable penetrance, and with

small effect genes acting in epistasis, in different

combinations and permutations, in different subpopula-

tions (Nurnberger, 2002; Ogden et al., 2004; Preston and

Weinberger, 2005). Moreover, the developmental history

of each individual has likely sculpted their gene

expression landscape through gene–environment interac-

tions (Anthony, 2001; Abdolmaleky et al., 2004). This is

the terrain on which our medications must act to correct

imbalances.

Early
As in the field of cancer therapy, early intervention may

be key in terms of preventing the full-blown accumula-

tion of neurobiological abnormalities associated with

clinical illness. In other words, we should not let the

illness ‘metastasize’. We in psychiatry have much to learn,

and should actively borrow from cancer research and

treatment – methodologically and paradigmatically (Lu et
al., 2005; Pages et al., 2005). Although our focus in

psychiatry has been so far primarily on discovering disease

causing genes, we should pay as much attention to

disease-protecting genes and how we can enhance their

functionality. That Yin-Yang duality is fully appreciated in

the cancer field, as oncogenes and tumor-suppressor

genes (Vogelstein and Kinzler, 2004). We had proposed

earlier similar terms for genes involved in psychiatric

disorders, psychogenes and psychosis-suppressor genes

(Niculescu et al., 2000). A debate on this is welcome, not

least in terms of coming up with a more felicitous

terminology, perhaps disease specific: schizogenes and

schizophrenia-suppresing genes, bipologenes and bipolar-

suppressing genes, anxiogenes and anxiety-suppressing

genes.

Low dose
As most psychiatric genes seem to have small effects

(Barrett et al., 2003; Lasky-Su et al., 2005), a likely

reflection of the epistasis of the different genetic

pathways involved at the same time, low-dose rather

than high-dose polypharmacy may be all that is needed.

In this way, one not only gets synergistic benefits, but also

avoids side effects generally associated with higher doses

(Volavka et al., 2004).

Rational polypharmacy
Multiple genes and pathways involved mean that we have

to use polypharmacy or ‘dirty drugs’. A good example

of the latter is clozapine, one of the most effective,
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broad-spectrum psychiatric drugs at our disposal (Tandon

and Fleischhacker, 2005), which is also among the

‘dirtiest’ in terms of activity on multiple neurotransmitter

receptors and pathways. Most complex and refractory

psychiatric patients present with cognitive, mood and

anxiety symptoms, and thus require all three dimensions

to be addressed for complete and stable remission (Fig.

1). This can be accomplished through ‘dirty drugs’, such

as atypical antipsychotics, or through three-dimensional

polypharmacy. Polypharmacy gives us more flexibility in

adjusting the dosages of the different activities, rather

than the fixed ratios of the moieties in single molecules.

This is already part of clinical practice, but done

empirically, by default and often not rationally (Post et
al., 1996). We need to start using the genes and pathways

identified by genetics and genomic research as a guide in

our rational choice of medication combinations (Ogden et
al., 2004). To ensure patient compliance, which is an

underappreciated cause of treatment failure, we cannot

have the medication regimens too complex. Having

multiple drugs in a single pill, with different dosage

strengths, is a reasonable compromise strategy. An

example of that in psychiatry is the olanzapine/fluoxe-

tine combination. The trend is well advanced in other

medical specialties, see for example the combination

‘polypills’ of antihypertensive or anti-HIV drugs.

Oligopopulations
Moreover, the issues of genetic and phenotypic hetero-

geneity of populations (Breslau et al., 2005), of overlap

and clinical comorbidity of disorders, and of interdepen-

dence of symptoms (Schuckit et al., 1997; MacKinnon

et al., 2002; Berrettini, 2003; Lewinsohn et al., 2004;

Niculescu, 2004; Ogden et al., 2004; Craddock et al., 2005;

Craddock and Owen 2005; Niculescu et al., 2006) (Fig. 1)

mean that, like in cancer, studies looking at the effect of a

drug in large, nonenriched population samples may not

pick up a strong signal for effects or for side effects, as

was arguably the case for antipsychotics in the clinical

antipsychotic trials of intervention effectiveness trial

(Lieberman et al., 2005). Identifying which small

subpopulations (oligopopulations) best respond to a drug

or a combination of drugs, and have the least side effects,

is the key to speeding up drug development, improving

efficacy and avoiding adverse events and re-calls

(Niculescu and Akiskal, 2001; Prathikanti and Weinber-

ger, 2005). One solution is phenotypic profiling

Fig. 1
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(phenomics) (Kelsoe and Niculescu, 2002; Freimer and

Sabatti, 2003; Schulze and McMahon, 2004; Bearden and

Freimer, 2006; Niculescu et al., 2006) in conjunction with

genetic and genomic profiling to be performed as part of

all early clinical trials, and the results of the analysis of

that data to be fed into the design of later trials with

enriched populations of responders vs ‘adverse-effectors’.

Identifying biomarkers of psychiatric disorders whether

from imaging studies (Pien et al., 2005) or peripheral

blood profiling (Glatt et al., 2005; Tsuang et al., 2005;

Segman et al., 2005), likely best accomplished by using

multipronged Bayesian strategies such as convergent

functional genomics (Niculescu et al., 2000; Ogden

et al., 2004; Bertsch et al., 2005) and integrative genomics

(Garraway et al., 2005), would be particularly useful for

drug development, diagnosis and early intervention

efforts. Ultimately, our field, like others, is moving in

the direction of personalized medicine.

Gene�environment�drug interactions
As to the issue of individual patient history, temperament

(Evans et al., 2005; Cloninger et al., 2006), gene–

environment interactions (Moffitt et al., 2005; Rutter

et al., 2006) and drug response, that may remain for a time

part of the empirical trial and error aspect of day-to-day

clinical practice. Epidemiological crunching of large data

sets of patient history information, including demo-

graphics and medical comorbidities (macrophenomics),

may asymptotically reduce uncertainty over time, and

should be pursued vigorously. Pharmacogenomic research

has started to prove its usefulness in psychiatry (Malhotra

et al., 2004; de Leon, 2006). Healthcare systems (such as

the Veterans Administration Healthcare System in the

US) and clinical trials in which all patient information is

computerized are particularly amenable to the application

of this database mining type of research. One could

envisage the use of profiling algorithms similar to those

used in the financial and insurance industries, ending up

with a numerical score for each patient in relationship to a

particular drug treatment combination. On the basis of

that, the clinicians of the future could make a decision to

proceed or not with that particular treatment.

Conclusions
Current treatment regimens in biological psychiatry

follow a ‘Oligopharmacy in polypopulations’ model. We

propose that psychiatric genetics and genomics point to a

need for a ‘Polypharmacy in oligopopulations’ approach.

Although that may seem onerous for the pharmaceutical

drug development process, in the long run this targeted

approach should lead to more Food and Drug Adminis-

tration approvals (more efficient drugs) and less with-

drawals from the market (less side effects). The ultimate

beneficiaries are, of course, the patients, their families

and society at large.
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