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GENETICS AND NEUROIMAGING OF
ATTENTION AND HYPNOTIZABILITY MAY
ELUCIDATE PLACEBO

AMIR Raz!?3

Columbia University College of Physicians & Surgeons and New York State Psychiatric
Institute, New York, New York, USA

Abstract: Attention binds psychology to the techniques of neuro-
science and exemplifies the links between brain and behavior. Associ-
ated with attentional networks, at least 3 brain modules govern
control processes by drawing on disparate functional neuroanatomy,
neuromodulators, and psychological substrates. Guided by data-
driven brain theories, researchers have related specific genetic poly-
morphisms to well-defined phenotypes, including those associated
with different attentional efficiencies and hypnosis. Because attention
can modulate both cognitive and affective processes, genetic assays
together with neuroimaging data have begun to elucidate individual
differences. Findings from genetic assays of both attention and hyp-
notizability pave the way to answering questions such as how high
hypnotizable individuals may differ from less-hypnotizable persons.
These exploratory findings may extend to the identification of pla-
cebo responders.

Genetic findings from attentional and hypnotic assays can serve as a
vehicle for elucidating individual differences (Raz, 2006b; Raz & Buhle,
2006). Moreover, genetic data may permit not only discerning high
hypnotizable persons from less-hypnotizable individuals but also
unraveling the biological characterizations of good placebo responders
(Raz, 2006a). Following a “paradigm shift” to extend the results from
the genetics and brain imaging of attention and hypnotizability to pla-
cebo (Raz, 2006b; Raz & Buhle, 2006; Raz, Fan, & Posner, 2005; Raz,
Fan, & Posner, 2006), the present article outlines the rationale as well as
mechanics for such a transition and the relative merits such an
approach may entail.
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Relying on the relationship between attention and hypnosis (Raz
et al., 2005), the efficiency of disparate attentional typologies relates to
specific genetic polymorphisms (Raz, 2004; Raz & Buhle, 2006). Ample
findings propose that attention influences both cognition and affect
(Bush, Luu, & Posner, 2000); more recent findings posit that genetic
assays in concert with brain-imaging data pave the way to a more sci-
entific basis of individual differences in general and of hypnotizability
in particular (Fan, Fossella, Sommer, Wu, & Posner, 2003; Raz, 2006b;
Raz et al., 2005). Finally, drawing on such factors as self-regulation,
effortful control, hypnotic suggestion, and expectation—accounts of
these constructs appear in a recent review (Raz & Buhle, 2006)—the
present article leads to the notion of placebo and spotlights those indi-
viduals who may favorably respond to placebo-like interventions.

TYPOLOGIES OF ATTENTIONAL NETWORKS

According to Michael I. Posner, attention can be construed in terms
of three networks: 1) obtaining and maintaining the alert state; 2) ori-
enting to sensory information; and 3) the executive functions involved
in the resolution of conflict between competing areas of the brain that
might be simultaneously active (Posner, 2004). The alerting network
relies heavily on thalamic areas, locus coeruleus, and cortical areas.
The orienting network relies heavily upon parietal systems, including
the superior parietal lobe and the temporal parietal junction. It is
involved in both orienting to visual information and stimuli in other
modalities. The executive attention network relies heavily on the ante-
rior cingulate as well as lateral areas of the prefrontal cortex (Figure 1).
Detailed accounts of the typology and anatomy of these attentional
networks have been described elsewhere (Raz, 2004; Raz & Buhle,
2006).

This model of attention has been influential in the field, not only
because other researchers have independently proposed similar
accounts (Parasuraman, Warm, & See, 1998) but because neuroimag-
ing assays (Corbetta, Kincade, Ollinger, McAvoy, & Shulman, 2000;
Hopfinger, Buonocore, & Mangun, 2000) and rigorous analyses of
more ecological data supported Posner's putative typology in both
adults and children (Manly et al., 2001; Robertson, Ward, Ridgeway, &
Nimmo-Smith, 1996). Furthermore, Posner and his colleagues have
developed methods for measuring each of these attentional networks
and many researchers have since been widely using their paradigm
(Fan, McCandliss, Sommer, Raz, & Posner, 2002; Raz, 2004; Raz &
Buhle, 2006).

In a set of important experiments into the neurochemical bases of
attention, Richard Marrocco and his collaborators were among the first
to associate these brain networks with different neuromodulators
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Figure 1. A sketch of the functional anatomy of the attentional networks. The pulvinar,
superior colliculus, superior parietal lobe, and frontal eye fields are often acti-
vated in studies of the orienting network. The temporoparietal junction isactive
when a target occurs at a novel location. The anterior cingulate gyrus is an
important part of the executive network. Right frontal and parietal areas are
active when people maintain the alert state. From Raz & Shapiro (2002). Copy-
right 2002 by JAMA. Adapted by permission.

(Marrocco & Davidson, 1998). Marrocco’s study of the neuropharma-
cology of attention in alert monkeys shows that norepinepherine
largely modulates the alerting network, acetylcholine wields a strong
influence on the orienting network, and dopamine is the main neu-
rotransmitter of the executive network.

Drugs such as clonidine and guanfacine act to block norepi-
nepherine and reduce or eliminate the normal effect of warning signals
on reaction time, but they have no influence on orienting to the target
location. Injections of scopolamine—which acts by interfering with the
transmission of nerve impulses by acetylcholine—directly into the lat-
eral intraparietal area of monkeys, a brain area containing cells that are
influenced by cues about spatial location, have been shown to have a
large effect on the ability to shift attention to a target. In addition,
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cholinergic drugs do not affect the ability of a warning signal to
improve performance. Thus, a double dissociation relates norepi-
nepherine to the alerting network and acetylcholine to the orienting
network. The executive network involves the anterior cingulate and
lateral frontal cortex modulated by the dopamine system. Together
with Figure 1, Table 1 depicts the structures involved as the sources of
the “Posnerian Trinity of Attention,” the sites on which these struc-
tures operate, and the neuromodulators they use (Raz, 2004).

Although the sources of attentional effects are limited to networks,
attention can influence any part of the brain, including the primary
sensory areas and emotional areas of the brain. This was demonstrated
in a summary of many studies looking at the role of the anterior cingu-
late cortex (ACC) in the monitoring and resolution of conflict (Bush
et al., 2000). Although there are many current disputes about the exact
mental operations the ACC performs (Bush, 2004), it is useful to think
about this area of the brain as involved in self-regulation, where sub-
jects are required to “damp down” or “ward off” negative thoughts
(Ochsner, Bunge, Gross, & Gabrieli, 2002; Ochsner et al., 2001) or even
pleasant thoughts (Beauregard, Levesque, & Bourgouin, 2001).

It is possible to distinguish between the dorsal portion of the ACC,
which is involved in cognitive tasks, and the ACC's ventral region,
which is more involved in emotional tasks (Bush, 2004; Bush et al.,
2000). Thus, it is reasonable to consider the ACC an important node in

Table 1
Attentional Networks — Brain Regions and Neuromodulators
Attentional Gross Primary
Network Neuroanatomy Neuromodulator
Alert Locus Coeruleus Norepinepherine
(arousal, vigilant Right frontal and

attention) parietal cortex
Orient Superioparietal Norepinepherine

Temporoparietal

Frontal eye fields
Superior colliculus

Acetylcholine
Select Anterior cingulate Dopamine
cortex (ACC)
(Executive, conflict, Lateral ventral
supervisory, prefrontal cortex
focal, metacognitive
attention)

Basal ganglia
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the monitoring and resolution of conflict that is involved in emotional
and cognitive regulation.

COGNITIVE REGULATION AND EFFORTFUL CONTROL
IN THE CONTEXT OF HYPNOSIS

Attention, suggestion, and expectation may effortlessly alter infor-
mation processing in the human brain (Fan, McCandliss, et al., 2002;
Raz, 2004; Raz & Bubhle, 2006; Raz et al., 2005; Wager et al., 2004). The
ability to use higher brain functions to influence downstream process-
ing draws on the neural substrates that are often explored in the study
of volitional agency, effortful control, and consciousness (Baumeister
& Vohs, 2004; Churchland, 2002; Posner, 2004; Raz & Buhle, 2006; Raz
et al., 2005; Raz, Kirsch, Pollard, & Nitkin-Kaner, 2006; Venter et al.,
2001; Wegner, 2002). For example, by creating a situation in which sub-
jects could look directly at a five-letter word without attending to it
(i.e., they had to respond to a superimposed stream of pictures shown
in different orientations), an fMRI study reported failure to perceive
words even for decidedly familiar and meaningful stimuli placed at
the center of gaze (Rees, Russell, Frith, & Driver, 1999). Additionally,
positron emission tomography (PET) data showed that highly hypno-
tizable individuals who were hypnotized neither perceived color nor
activated extrastriate areas related to color after they had been given
the hypnotic suggestion to see a color pattern in gray-scale (Kosslyn,
Thompson, Costantini-Ferrando, Alpert, & Spiegel, 2000). Finally, PET
assays of pain showed that specific modulatory hypnotic suggestions
could affect activation of different brain structures: whereas suggest-
ing a drop in pain unpleasantness (i.e., pacifying conflict) reduced spe-
cific activity in the ACC (Rainville, Duncan, Price, Carrier, & Bushnell,
1997), hypnotically suggesting decreased pain intensity produced
activity reduction in somatosensory cortex (Hofbauer, Rainville,
Duncan, & Bushnell, 2001). These accounts underline the influence
attention and hypnotic suggestion can impart to conflict situations and
top-down cognitive control (Fan, McCandliss, et al., 2002; Posner &
Rothbart, 1998; Rainville, 2002; Rainville, Hofbauer, Bushnell, Duncan,
& Price, 2002). Recent findings from my work with colleagues also
support this view (Fan, McCandliss, et al., 2002; Raz, 2004; Raz, 2006b;
Raz & Buhle, 2006; Raz et al., 2005; Raz et al., 2006; Raz et al., 2003; Raz,
Moreno—iﬁiguez, Martin, & Zhu, 2007).

Cognitive regulation relates to top-down processing, the preferen-
tial processing of sensory stimuli according to preexisting schemas or
expectations. Cognitive regulation (e.g., not scratching an itchy mos-
quito bite) is associated with effortful control. Mary Rothbart initially
coined the term effortful control to describe a level of control that
emerges in children's development in the context of temperament. The
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term has since evolved to entail “the ability to inhibit a dominant
response to perform a subdominant response” (Rothbart & Bates, 1998,
p- 137) or the efficiency of executive attention, including the ability to
inhibit a dominant response or to activate a subdominant response, to
plan, and to detect errors (Rothbart & Bates). In fact, effortful control
now pertains to the ability to willfully or voluntarily inhibit, activate,
or modulate attention (Rueda, Posner, & Rothbart, 2004). It is not sur-
prising, therefore, that measures of effortful control often include indi-
ces of attentional regulation (e.g., the ability to voluntarily focus or
shift attention as needed, also called attentional control) or behavioral
regulation (e.g., the ability to inhibit behavior as appropriate, called
inhibitory control).

NEUROIMAGING AND GENETIC ASSAYS PROBE
INDIVIDUAL DIFFERENCES

Two major events permitted a breakthrough in science's ability to
illuminate individual differences. First, imaging of the living brain
provided science with a glimpse inside the human brain as people
think (Posner & Raichle, 1996). When combined with electrical or mag-
netic recordings, it is possible to observe the neural circuits that are
involved in computing aspects of various cognitive tasks. Researchers
can now create local images of human brain activity through changes
in cerebral blood flow.

Being able to see things always had a dramatic impact on science
(e.g., the microscope). While it is possible to use imaging data to argue
for separate networks underlying disparate cognitive abilities, it
would be impossible to argue from imaging data alone that these are
the only separable domains. Indeed, it is more likely that different
tasks, clearly within one domain, can still be distinguished by their
functional anatomy.

The second major event at the end of the 20th century was sequenc-
ing the entire human genome (Venter et al., 2001). Consequently, it
was possible not only to study the functional anatomy of brain
networks but also to examine how genetic differences might lead to
individual variations in the potential to use these networks in order to
acquire and to perform skills. However, the route from genetic endowment
to performance is neither simple nor separate from an understanding
of the brain networks themselves.

In the domain of attention, researchers have begun to develop meth-
ods for examining the efficiency of attentional networks in individuals
to study how genes and specific experience change them in the course
of human development. Cognitive neuroscientists are beginning to
explore the possibility of testing some of the genetic effects on atten-
tional networks. For example, since a twin study of attention
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suggested that the executive attention network had high heritability
(Fan, Wu, Fossella, & Posner, 2001), genes related to the dopamine sys-
tem were examined (Fossella et al., 2002). Four genes in this system
were found to be significantly related to the executive network. When
the alleles yielding relatively good executive performance were com-
pared with those yielding relatively bad performance in an fMRI
study, the major difference between the subjects was in the ACC, a
part of the executive network associated with dopamine (Fan et al,,
2003). These results suggest that it is possible to examine individual
efficiency in specific neural networks by combining the methods of
brain imaging with modern genetic studies.

THE GENETICS OF ATTENTION INFORM THE (GENETICS
OF HYPNOTIZABILITY

The DRD4 gene had been shown to relate to some of the behaviors
that occur in attention-deficit hyperactivity disorder (ADHD; Ding
et al., 2002; D. L. Grady et al., 2003; LaHoste et al., 1996; Swanson,
Oosterlaan, et al., 2000; Swanson et al., 1998, 2001; Swanson, Flodman,
et al.,, 2000, Wang et al., 2004). For example, previous clinical studies
show that a subset of children who have a particular allele of the DRD4
gene (7 repeat) have normal performance in attentional tests, while
children with the same diagnosis but without this allele show abnor-
mal performance. Testing a large sample of children diagnosed with
ADHD both with and without the 7-repeat allele as well as healthy
children with and without the allele should test and extend this result.
These data would show if there are common genes in families that con-
tribute to the occurrence of ADHD and if children respond differently
to psychopharmacological treatment (e.g., methylphenidate) based on
their genetic makeup. In addition, the candidate gene approach allows
insights into the genetics of normal attention. We have identified at
least 40 genetic polymorphisms that affect transmitter systems related
to known attentional networks. These candidate gene polymorphisms
may relate to the efficiency of the three attentional networks. Accord-
ingly, genotyping 200 healthy individuals who responded to ads in the
New York City area, my colleagues recently looked at different alleles,
or polymorphisms, in the DRD4 genes (i.e., the number of times a par-
ticular 48 base pair was repeated in the population: 2, 4, or 7 times). We
found that whereas those alleles significantly correlated with perfor-
mance on the conflict network, they correlated with neither latency nor
other attentional networks. Based on these findings, we reported on
two genes whose alleles impart different levels of efficiency in resolv-
ing conflict, the DRD4 and the MAOA (Fossella et al., 2002). Examining
small subsets (i.e., 6-8 individuals per group) of this 200-person
cohort, we looked at attention network test (ANT) performance in the
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scanner and found significant differences between people with the two
alleles in the ACC (i.e., the central node in this conflict and self-regulatory
network; Fan et al.,, 2003). Similar to these findings with dopamine,
alleles of cholinergic genes have been shown to relate to the orienting
network, that is to the ability to carry out visual search tasks, which involve
a high level of orienting (Parasuraman, Greenwood, & Sunderland, 2002).
Thus, this approach permits relating the behavioral differences to the
actual underlying networks. In fact, another gene, encoding for cate-
chol-O-methyltransferase (COMT) and involved in the catecholamine
metabolism, has been recently shown to relate to this network (Diamond,
Briand, Fossella, & Gehlbach, 2004).

With a few exceptions (de Chaldee et al., 2001; Norton et al., 2002),
COMT has also been shown to relate to the abnormalities of schizo-
phrenia (Bilder et al., 2002; Bray et al., 2003; C. Chen et al., 1996; X.
Chen, Wang, O'Neill, Walsh, & Kendler, 2004; Egan et al., 2001; Fan
et al., 2002; Kotler et al., 1999; Li et al., 1996; C. Matsumoto, Shinkai,
Hori, Ohmori, & Nakamura, 2004; M. Matsumoto et al., 2003; Nolan
et al., 2000; Palmatier et al.,, 2004; Shifman et al., 2002, 2004; Strous
etal, 2003; Tunbridge, Burnet, Sodhi, & Harrison, 2004; Wei &
Hemmings, 1999; Wonodi, Stine, Mitchell, Buchanan, & Thaker, 2003;
Zammit et al., 2004) and has been generally implicated in attentional
and executive functions. Importantly, interpretation of data from
exploratory genetic assays suggests that functional polymorphisms of
the COMT gene relate to hypnotizability or susceptibility to hypnotic
suggestion (Benjamin et al., 2000; Raz, 2004). Specifically, individuals
homozygous for the valine allele (i.e., producing more COMT) tend to
show lower hypnotizability scores (Raz, 2004).

COMT

COMT codes the substitution of valine (val) by methionine (met) at
codon 158 (val158met). This substitution is associated with a difference
in thermostability leading to a three- to four-fold reduction in the
activity of the COMT enzyme (Lotta et al.,, 1995). The alleles are
codominant so that individuals with the val/val genotype have the
highest activity of COMT, those with the met/met genotype have the
lowest activity of COMT, and heterozygous individuals are intermedi-
ate. The val158met genotypes have been linked to a number of behav-
ioral diseases of complex etiology (Egan et al., 2001; Enoch, Xu, Ferro,
Harris, & Goldman, 2003; Tiihonen et al., 1999).

As one of the enzymes that metabolizes catecholamines, COMT acts
as a key modulator of dopaminergic but also adrenergic/noradrenergic
neurotransmission (Cumming, Brown, Damsma, & Fibiger, 1992).
Different levels of COMT activity conferred by vall58met genotypes
may then have important influences on functions regulated by these
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neurotransmitters, including p-opioid system responses associated
with pain (Zubieta et al., 2003). Toward this end, effective hypnotic
techniques for pain management have been known since the early
1800s, and it is therefore plausible that COMT might be implicated in
hypnotizability. Furthermore, there is evidence that the effects of
COMT appear to be mediated by attentional mechanisms and do not
correlate with measures of role playing or social compliance (Bachner-
Melman & Ebstein, 2002; Benjamin et al., 2000; Lichtenberg, Bachner-
Melman, Ebstein, & Crawford, 2004).

Is THERE A BIOLOGICAL MARKER FOR HYPNOSIS?

Herbert Spiegel likely was one of the first practitioners to suggest
that hypnosis may have an innate component. Reporting empirical
data, David Spiegel garnered at least nascent support for his father's
theory by reporting a link between homovanilic acid and hypnotizabil-
ity (Spiegel & King, 1992). More recently, morphometric data have
attempted to delineate structural differences between the brains of
high and low hypnotizable individuals (Horton, Crawford, Harrington,
& Downs, 2004). Whereas researchers have gained some insight into
the genetics of hypnotizability (Bauman & Bul', 1981; Rawlings, 1978),
more recent efforts to establish viable relations between phenotype
and genotype led Richard Ebstein, a reputable geneticist based in
Israel, to examine a number of such correlations, including an associa-
tion between COMT high/low enzyme activity polymorphism and
hypnotizability. Using the Stanford Hypnotic Susceptibility Scale:
Form C (SHSS:C; Weitzenhoffer & Hilgard, 1962), these data revealed
a significant difference in hypnotizability between subjects who car-
ried the val/met and val/val COMT genotypes (Benjamin et al., 2000;
Ebstein, Bachner-Melman, & Lichtenberg, 1999). In their report,
Ebstein and his colleagues encourage researchers to replicate their
findings and one recent confirmation and extension surfaced unex-
pectedly following an independent research effort, spearheaded by
Michael Posner, into the genetic bases of attention (Raz, 2004).

Whereas Ebstein et al. used the SHSS:C, they tested a group of 107
Israeli subjects using either English or, more often, Hebrew versions of
the scale. Posner et al. obtained comparable results using the standard
English version. For example, subject demographics indicate that
whereas Ebstein et al. reported data from a wide range of moderately
educated individuals (15.6 + 2.4 years of education), Posner et al. pro-
vided a similar account from an age-uniform international community
of highly educated adults (25.2 £ 2.1 years of education). Although
Posner and his colleagues conducted their assay independently and
learned about the findings of Ebstein et al. only in retrospect, it is
rather remarkable that two autonomous studies, administered in
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different contexts, yielded comparable results. Nonetheless, the larger
question remains: based on these data, is there a genetic “fingerprint”
for hypnotizability?

Correlation is not synonymous with causation; that certain genetic
traits correlate with hypnotizability does not warrant the assumption
that those polymorphisms cause hypnotizability. Indeed, the cause of
hypnotizability may refer to more than its antecedent conditions. Rem-
iniscent of the explosive growth in molecular biology, the fields of neu-
roscience and genetics also may need to be much further along in order
to explicitly address these issues. However, an interim question can be
carefully crafted to constructively dodge the subtle difference between
identity and a correlation: what are the neuronal/ genetic configurations
that either correlate or are identical with the phenomenon of hypnosis?
Answers to this question are likely to clarify the “explanatory fit” of a
correlate versus identity. Understanding a theory does not cause the
phenomena (e.g., understanding gravity does not cause us to fall) and
understanding the neural/genetic correlates of hypnosis would at best
constitute but one small step in understanding hypnosis (Churchland,
2002). Further, bottom-up explanations that usually apply to higher
level systems often overzealously advocate for reduction (e.g., onto-
logical reduction).

However, whereas science typically seeks a causal explanation to
then have an ontological reduction, in the case of hypnosis as in the
case of consciousness, a causal explanation is not likely to yield such
an ontological reduction (Searle, 2000). As a case in point, the history of
hypnosis research features the futile “state” versus “no-state” battle,
which has long outlived its usefulness. The gist of this seminal conun-
drum, relevant to the context of this piece, can be summarized in a few
short statements. The sociocognitive school of hypnosis purports that
hypnosis does not exist as a unique “state” of consciousness and
instead views it as learned behavior largely shaped by expectation and
social pressure. Proponents of this school often reject the notion of
hypnotizability as a stable trait and oppose the view regarding either
hypnosis as involving specific neurophysiological correlates or hypno-
tizability as an innate and robust characteristic.

Data from the domain of attention suggest that training exercises
can influence the developmental rate of attentional networks (Berger,
Jones, Rothbart, & Posner, 2000; Klingberg et al., 2005; Klingberg,
Forssberg, & Westerberg, 2002; Olesen, Westerberg, & Klingberg, 2004;
Rueda, Rothbart, McCandliss, Saccomanno, & Posner, 2005). The use
of these exercises on children with different genetic and attentional
backgrounds gives the opportunity for specific studies of genetic-envi-
ronmental interaction and individual differences (Fan et al., 2003;
Posner, 2004; Sommer, Fossella, Fan, & Posner, 2003). Attentional
training seems to improve the underlying neural networks involved in
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conflict resolution and may even generalize to different tasks (Posner,
2004; Raz et al., 2005). Related findings also suggest that working
memory training produced a significant improvement in motor perfor-
mance and IQ on the nonverbal complex reasoning task of the Raven's
progressive matrices (Klingberg et al., 2002, 2005; Olesen et al., 2004).

As neuroimaging is beginning to unravel the effects of practice and
learning on brain substrates (Garavan, Kelley, Rosen, Rao, & Stein,
2004; Landau, Schumacher, Garavan, Druzgal, & D'Esposito, 2004),
cumulative data suggest that modifications can be made to these atten-
tional networks. However, there is no disagreement between these
apparently disparate “nature versus nurture” findings: uninterrupted
hypnotizability may indeed be stable (Piccione, Hilgard, & Zimbardo,
1989).

Importantly, whether the COMT gene identifies an individual's sus-
ceptibility to hypnosis or is simply a correlate of this trait is irrelevant.
There appears to be a robust and significant relationship between the
COMT gene and hypnotizability, such that identifying specific COMT
polymorphisms may index individual hypnotizability.

CONCLUSION

In some cases, it has been possible to connect attention to underly-
ing molecular events. This approach holds the promise of linking net-
works of attention to the genes and environmental events of early
development but also to such traits as hypnotizability and potentially
even placebo response. Work on the role of genes in attention and
other cognitive networks underlying performance of humans is still
in its infancy. These effects tend to be relatively small and probably
no single gene is going to turn out to be the most important gene to
determine individual differences in these networks. In fact, there are
probably going to be a number of genes and possibly also a number
of complex interactions. However, this work opens up an opportu-
nity to examine not only individual differences but also how genes
actually build the physical basis of the neural networks that we
study. For example, the DRD4 gene, which is important for the con-
flict or executive network, has been recently knocked out in mice
(Avale et al., 2004; Falzone et al., 2002; D. K. Grady & Kruzich, 2004).
Mice missing the DRD4 gene produce predictable hyperactivity-
related changes in their behavior and perform less exploration of
their environment. More precise tests of attention are planned for
these animals and it seems possible as we develop animal models of
some of these networks that we will be able to tell how genes carry
out the task of building the networks that are common among
individuals as well as what alleles might account for individual
differences.
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As important as the genetic basis of individual difference is, how-
ever, it is not at all clear that most individual differences are due to
variations in genetic alleles. In fact, we generally expect that differ-
ences between cultures may well depend upon socialization or culture-
specific learning processes and not just upon genetic differences.
Indeed, the nature-nurture debate applies equally well here, with the
added insight that in recent time we have grown to appreciate more
fully the strong effect genes impart.

Attention and hypnosis are anything but disjoint sets (Raz, 2004).
Indeed, in this piece I have shown how the genetics of attention inform
the genetics of hypnosis and can potentially characterize placebo
response. Recent neuroscience findings drawing on the neural basis of
attention and individual differences may further unravel this putative
relationship.
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Genetik und funktionelle Bildgebung von Aufmerksamkeit und
Hypnotisierbarkeit ten den Plazeboeffekt erkliren

Amir Raz

Zusammenfassung: Die Erforschung von Aufmerksamkeitsprozessen schligt
eine Briicke zwischen Psychologie und Neurowissenschaft und verdeutlicht
die Zusammenhidnge zwischen Gehirn und Verhalten. Wenigstens drei
neuronale Module regeln Kontrollprozesse unter Verwendung verschiedener
neuronanatomischer Substrate, Neuromodulatoren und psychologischer
Prozesse. Geleitet von datenbasierten Gehirntheorien haben Forscher
spezifische genetische Polymorphismen zu klar definierten Phidnotypen in
Bezug gesetzt, einschliefSlich solcher, die verschiedene attentionale Prozesse
und Hypnose betreffen. Da Aufmerksamkeit kognitive und affektive Prozesse
modulieren kann, wurde in letzter zeit damit begonnen, unter Verwendung
von genetischen und bildgebenden Methoden individuelle Unterschiede zu
untersuchen. Befunde genetischer Untersuchungen von Aufmerksamkeit und
Hypnotisierbarkeit erméglichen nun die Beantwortung von Fragen wie etwa
nach den Unterschieden zwischen hoch- und gering hypnotisierbaren
Individuen. Diese explorativen Befunde konnten ausgeweitet werden auf die
Identifikation von plazeboempfinglichen Personen.

RALF SCHMAELZLE
University of Konstanz, Konstanz, Germany

On peut trouver une explication possible de I'effet placébo dans la
génétique et la neuro-imagerie de I'attention et de I'hypnotisabilité

Amir Raz

Résumé: L'effort d'attention lie la psychologie et les techniques de la
neuroscience, et démontre les relations qui existent entre le cerveau et le
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comportement. En association avec les réseaux attentionnels, au moins trois
modules cérébraux gouvernent les processus de contréle, en faisant appel a
la neuro-anatomie fonctionnelle asymétrique, a des neuromodulateurs et a
des substrats psychologiques. Guidés par des théories relatives au cerveau
fondées sur des données, des chercheurs ont établi un lien entre des
polymorphismes génétiques spécifiques et des phénotypes bien définis, y
compris ceux associés a différentes efficacités attentionnelles et a I'hypnose.
Sachant que l'attention peut modifier les processus cognitifs et affectifs, des
test génétiques, associés a des données de neuro-imagerie, ont permis de
commencer a €élucider la cause de différences individuelles. Les résultats de
tests génétiques d'attention et d'hypnotisabilité permettent de répondre a
des questions portant sur ce qui différencie des personnes hautement
hypnotisables d'autres personnes moins facilement hypnotisables. Ces
recherches pourraient déboucher sur le repérage de placébos réacteurs.

JOHANNE REYNAULT
C. Tr. (STIBC)

La genética e imagines neuronales de la atencién y la hipnotizabilidad
pueden dilucidar al placebo

Amir Raz

Resumen: La atencién vincula a la psicologia con las técnicas de la
neurociencia y ejemplifica los nexos entre el cerebro y el comportamiento.
Asociados con redes, atencionales, por lo menos 3 médulos cerebrales rigen
los procesos de control utilizando distintos substratos neuroanatémicos,
neuromoduladores, y psicolégicos. Guiados por teorias cerebrales basadas
en la investigacién, los investigadores han relacionado poliformismos
genéticos especificos a fenotipos bien-definidos, incluyendo los asociados
con diferentes eficiencias atencionales y la hipnosis. Ya que la atencién
puede modular tanto procesos afectivos como cognitivos, las pruebas
genéticas y los datos de las imagines cerebrales han comenzado a dilucidar
diferencias individuales. Los hallazgos de las pruebas genéticas sobre la
atencion y la hipnotizabilidad preparan el terreno para contestar preguntas
tales como cuanto difieren las personas con alta o baja hipnotizabilidad.
Estos hallazgos exploratorios tal vez se puedan extender a la identificacién
de personas que responden al placebo.
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Lund University, Lund, Sweden



