Susb.

Orbitofrontal Dysfunction in Patients with
Obsessive-Compulsive Disorder and Their
Unaffected Relatives

Samuel R. Chamberlain, et al.

AVAAAS Science 321, 421 (2008);

DOI: 10.1126/science.1154433

The following resources related to this article are available online at
www.sciencemag.org (this information is current as of April 9, 2009 ):

Updated information and services, including high-resolution figures, can be found in the online
version of this article at:
http://www.sciencemag.org/cgi/content/full/321/5887/421

Supporting Online Material can be found at:
http://www.sciencemag.org/cgi/content/full/321/5887/421/DC1

A list of selected additional articles on the Science Web sites related to this article can be
found at:

This article cites 17 articles, 7 of which can be accessed for free:
http://www.sciencemag.org/cgi/content/full/321/5887/421#otherarticles

This article has been cited by 2 article(s) on the ISI Web of Science.

This article has been cited by 3 articles hosted by HighWire Press; see:
http://www.sciencemag.org/cgi/content/full/321/5887/421#otherarticles

This article appears in the following subject collections:
Neuroscience
http://www.sciencemag.org/cgi/collection/neuroscience

Information about obtaining reprints of this article or about obtaining permission to reproduce
this article in whole or in part can be found at:
http://www.sciencemag.org/about/permissions.dtl

Science (print ISSN 0036-8075; online ISSN 1095-9203) is published weekly, except the last week in December, by the
American Association for the Advancement of Science, 1200 New York Avenue NW, Washington, DC 20005. Copyright
2008 by the American Association for the Advancement of Science; all rights reserved. The title Science is a
registered trademark of AAAS.

Downloaded from www.sciencemag.org on April 9, 2009


http://oascentral.sciencemag.org/RealMedia/ads/click_lx.ads/sciencemag/cgi/reprint/L22/189121304/Top1/AAAS/PDF-USB-4.1.09-6.30.09/usb_2009.raw/513772756c6b6e61496645414346716c?x
http://www.sciencemag.org/cgi/content/full/321/5887/421
http://www.sciencemag.org/cgi/content/full/321/5887/421/DC1
http://www.sciencemag.org/cgi/content/full/321/5887/421#otherarticles
http://www.sciencemag.org/cgi/content/full/321/5887/421#otherarticles
http://www.sciencemag.org/cgi/collection/neuroscience
http://www.sciencemag.org/about/permissions.dtl
http://www.sciencemag.org

17. H. Straka, R. Baker, E. Gilland, J. Comp. Neurol. 494,
228 (2006).

18. M. C. Kennedy, Brain Res. 218, 337 (1981).

19. S. Kitamura, ]. Okubo, K. Ogata, A. Sakai, Exp. Neurol.
97, 592 (1987).

20. J. M. Wild, Ann. N. Y. Acad. Sci. 1016, 438 (2004).

21. M. F. Kubke, Y. Yazaki-Sugiyama, R. Mooney, ]. M. Wild,
J. Neurophysiol. 94, 2379 (2005).

22. E. Zornik, D. B. Kelley, J. Comp. Neurol. 501, 303
(2007).

23. R. Rubsamen, H. Schweizer, J. Comp. Physiol. [A] 159,
689 (1986).

24. U. ]Jlirgens, Neurosci. Biobehav. Rev. 26, 235 (2002).

25. U. Jiirgens, L. Ehrenreich, Brain Res. 1148, 90 (2007).

26. D. M. Noden, P. Francis-West, Dev. Dyn. 235, 1194
(2006).

27. R. Huang, Q. Zhi, ].-C. Izpisua-Belmonte, B. Christ, K. Patel,
Anat. Embryol. (Berlin) 200, 137 (1999).

28. ). Deschamps, J. van Nes, Development 132, 2931 (2005).

29. C. Darwin, The Descent of Man, and Selection in Relation
to Sex (reprint of 1871 edition by John Murray, London,
Princeton Univ. Press, Princeton, NJ, 1981).

30. B. A. Moore, A. P. Russell, A. M. Bauer, J. Morphol. 210,
227 (1991).

31. Thanks to D. Chiu, D. Brown, I. Fein, A. Mensinger,
L. Remage-Healey for logistical and technical support;
K. Zamudio for help with the cladogram; M. Nelson for
drawings; M. Marchaterre for movies; A. Rice for movie

REPORTS

editing; E. Adkins-Regan, G. Budney, U. Jiirgens, M. Marchaterre
for vocal recordings; J. Fetcho, H. Greene, L. Z. Holland,
C. Watson, and espedially H. Baker, R. Hoy, and ]. M Wild
for comments on the manuscript. Research support from
the NSF and NIH.

Supporting Online Material
www.sciencemag.org/cgi/content/full/321/5887/417/DC1
Materials and Methods

Figs. S1 and S2

References

Movies S1 to S3

11 March 2008; accepted 4 June 2008
10.1126/science.1157632

Orbitofrontal Dysfunction in Patients
with Obsessive-Compulsive Disorder
and Their Unaffected Relatives
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Obsessive-compulsive disorder (OCD) is characterized by repetitive thoughts and behaviors
associated with underlying dysregulation of frontostriatal circuitry. Central to neurobiological
models of OCD is the orbitofrontal cortex, a neural region that facilitates behavioral flexibility after
negative feedback (reversal learning). We identified abnormally reduced activation of several
cortical regions, including the lateral orbitofrontal cortex, during reversal learning in OCD patients
and their clinically unaffected close relatives, supporting the existence of an underlying previously

undiscovered endophenotype for this disorder.

bsessive-compulsive disorder (OCD) is
Oa debilitating neuropsychiatric condi-

tion characterized by recurrent intrusive
thoughts (obsessions) and/or repetitive rituals
(compulsions), often performed according to rigid
rules (7, 2).

OCD is frequently familial, and first-degree
relatives of patients exhibit up to an eightfold
increased risk of also developing clinically mean-
ingful OC symptoms (3). Nonetheless, attempts
to delineate contributory genes have met with
limited success. It is probable that top-level symp-
toms are too distal from the underlying patho-
genesis of the disorder to provide sufficient power
to detect underlying genetic diatheses. Conse-
quently, there is an ongoing search for objective
brain-based measurable traits, or endophenotypes,
that decompose top-level phenotypes into mean-
ingful markers more proximally related to the eti-
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ology (4, 5). Such markers should be present in
unaffected first-degree relatives of patients, even in
the absence of clinically meaningful symptoms (4).
OCD is associated with abnormal function in
corticostriatal circuitry mediating inhibitory control
and flexible responding (6, 7). The orbitofrontal
cortex (OFC) is central to our understanding of
OCD (8) because structural and functional al-
terations of this region are the most frequently
reported neuroimaging findings in patient stud-
ies (6, 7, 9). The OFC subserves reversal learn-
ing, a cognitive function important in day-to-day
life whereby behavior is flexibly altered after
negative feedback (/0). Reversal learning is de-
pendent on the serotoninergic system (11, 12)
and is impaired by lesions to the OFC (but not
the dorsolateral prefrontal cortex) across species
(13, 14). Reduced activation of the OFC has pre-
viously been reported in patients with OCD during
reversal leamning (/5), but many patients in that
study were also depressed. This was a potential
confounder because depression itself is asso-
ciated with OFC dysfunction and increased feed-
back sensitivity (/6). In addition, relatives were
not assessed, and thus the state-versus-trait nature
of the OFC dysfunction could not be discerned.
In the search for neurocognitive endopheno-
types in OCD, we measured brain activation in
comorbidity-free patients and their unaffected
first-degree relatives. We used a functional mag-
netic resonance imaging task capable of fractionat-

ing different components of behavioral flexibility,
including reversal of responses, a plausible psycho-
logical deficit in OCD (/7). The sample comprised
14 patients, 12 unaffected never-treated first-
degree relatives of these patients, and 15 matched
controls without a family history of the disorder.
The three groups were matched in terms of age,
handedness, and intelligence quotient (table S1).

On each trial, volunteers observed two pic-
tures presented on screen, each of which com-
prised a face and house superimposed. The aim
of the task was for volunteers to work out through
trial and error which object (which face or house)
was correct (fig. S1). If volunteers believed that
the left-hand stimulus contained the correct ob-
ject, they pressed a left button, and vice versa.
After every second response, feedback was given
on screen (“CORRECT” or “INCORRECT”) to
indicate whether the chosen object was indeed
correct. Once a criterion of six consecutive correct
responses was reached, either the correct object
was changed or a new stimulus set was presented;
the volunteer was then required to learn the new
correct object (17, 18).

We first examined the volunteers’ brain ac-
tivation when they were working out solutions,
minus their brain activation when the solutions
were known. This provided an overview of the
neural circuitry generally involved in undertak-
ing the task. We then examined their brain ac-
tivations corresponding to reversal learning and
set-shifting, cognitive functions dependent on
the OFC and ventrolateral prefrontal cortices, re-
spectively (10, 17). We hypothesized that patients
with OCD and their unaffected relatives would
show reduced activation of the OFC in the re-
versal contrast (6) as compared with controls. The
groups did not differ significantly in number of
errors on the task, because all participants were
pretrained to minimize the likelihood of behav-
ioral confounders. However, relatives exhibited
slower response times when working out solu-
tions than the patients and controls (fig. S2).

Regions activated when working out solu-
tions and during reversal learning, across all
subjects, are indicated in fig. S4, A and B. When
working out solutions, OCD patients and their
unaffected relatives showed under-activation in
regions including, bilaterally, the lateral OFC
[Brodmann areas (BA) 10, 11, and 47], lateral
prefrontal cortex (PFC) (BA 45 and 46), and left
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Fig. 1. Patients with OCD and their unaffected relatives showed underactivation during reversal learning
bilaterally in the lateral OFC, lateral PFC, and parietal cortices. The images are of representative brain slices
showing regions activated during reversal learning across all subjects (yellow areas; false discovery rate—
corrected, P < 0.05) and regions in which there was a significant effect of group (blue areas; corrected to less
than one false-positive cluster across the whole map) (19). Peripheral graphs indicate mean group
activations for each of the four identified clusters where there was a significant effect of group. (Top left)
Cluster 1, left lateral OFC (BA 10, 11, and 47) and left lateral PFC (BA 46). (Top right) Cluster 2, right lateral
OFC (BA 10, 11, and 47) and right lateral PFC (BA 46). (Bottom left) Cluster 3, left parietal lobe (BA 40).
(Bottom right) Cluster 4, right parietal lobe (BA 40). * P < 0.05, ** P < 0.01, *** P < 0.001 are the
significant differences in brain activation between groups, using non-parametric permutation.

parietal cortex (BA 40) as compared with
controls (/8). During reversal leaming, OCD
patients and relatives showed significant under-
activation bilaterally in the lateral OFC (BA 10,
11, and 47), lateral PFC (BA 46), and parietal
cortex (BA 40) as compared with controls
(Fig. 1). Brain activation during extradimen-
sional shifting was not significant at the whole-
study level and thus was not entered into
between-group analysis (/8).

This study found reduced lateral OFC, lateral
PFC, and parietal responsiveness during reversal
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learning not only in patients with OCD but also in
their unaffected never-treated relatives. These
findings emphasize the centrality of these regions
not only in day-to-day flexibility but also in the
genesis of pathologic habits. Reversal-learning—
related hypofunction appears to be a vulnerability
marker (or candidate endophenotype) for OCD
that exists in people at increased genetic risk, even
in the absence of chronic treatment or symptom
confounders. Such brain-based markers may thus
be of considerable utility in the search for
underlying genetic diatheses.
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