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Diminishing Reciprocal Fairness by
Disrupting the Right Prefrontal Cortex
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Humans restrain self-interest with moral and social values. They are the only species known to
exhibit reciprocal fairness, which implies the punishment of other individuals’ unfair behaviors,
even if it hurts the punisher’s economic self-interest. Reciprocal fairness has been demonstrated in
the Ultimatum Game, where players often reject their bargaining partner’s unfair offers. Despite
progress in recent years, however, little is known about how the human brain limits the impact of
selfish motives and implements fair behavior. Here we show that disruption of the right, but not
the left, dorsolateral prefrontal cortex (DLPFC) by low-frequency repetitive transcranial magnetic
stimulation substantially reduces subjects’ willingness to reject their partners’ intentionally unfair
offers, which suggests that subjects are less able to resist the economic temptation to accept
these offers. Importantly, however, subjects still judge such offers as very unfair, which indicates
that the right DLPFC plays a key role in the implementation of fairness-related behaviors.

cross species, humans have been spec-
Atacularly successful in limiting the im-
pact of self-interest even in interactions
between genetically unrelated strangers, by
developing and enforcing social norms (/, 2).
Fairness norms, in particular, play a crucial role
in social life across many cultures (3). They are
enforced by reciprocally fair behaviors, which
imply that kind acts are reciprocated with kind-
ness, whereas hostile or unfair acts are recip-
rocated with hostility (4). The role of faimess
also has been acknowledged in formal theories
of reciprocal fairness (henceforth, “reciprocity”)
(4) and inequity aversion (5), both of which as-
sume that people trade off fairness goals against
the goal of increasing their material resources.
The Ultimatum Game (6) illustrates the tension
between economic self-interest, on the one hand,
and reciprocity and equity motives, on the other. In
this game, two anonymous individuals, a proposer
and a responder, have to agree on the division of a
given amount of money, say $20, according to the
following rules: The proposer can make exactly
one suggestion on how the $20 should be allocated
between the two by making an integer offer X to
the responder. Then the responders can either ac-
cept or reject X. In case of a rejection, both players
earn $0; in case of acceptance, the responder
earns X and the proposer earns $20 — X. If eco-
nomic self-interest alone motivates the responder,
he will accept even a very low offer, say $1, be-
cause $1 is better than $0. However, if concerns
for reciprocity and equity motivate him, he might
reject low offers because he views them as
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insultingly unfair and inequitable. The responder
thus faces a conflict in case of low offers between
his economic self-interest, which encourages him
to accept the offer, and his fairness goals, which
drive him toward rejecting it.

Strong evidence (3, 7) suggests that many
people reject low offers in the game, even if
stake levels are as high as 3 months’ income (8).
Rejection rates up to 80% have been observed
(7) for offers below 25% of the available money,
and a pioneering imaging study (9) showed that
both the anterior insula—an important brain area
involved in the processing of emotions (10—
and the dorsolateral prefrontal cortex (DLPFC)
are activated when responders decide whether to
accept or reject an unfair offer. The fact that both
the right and left DLPFCs are more strongly
activated when subjects face unfair offers com-
pared with when they face fair offers is of
particular interest for our purposes. The DLPFC
is widely thought to be involved in executive
control, goal maintenance, and the inhibition of
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prepotent responses (/7). All of these functions
are relevant for the responder in the Ultimatum
Game, because there are likely to be several com-
peting goals—fairness goals and self-interest—
and the questions are as follows: Which of them
should be maintained, ie., given priority, and
which motivational impulse should be restrained?

One plausible hypothesis about the role of
the DLPFC is that unfair offers generate an im-
pulse to reject, and that DLPFC activity is
involved in controlling this impulse (9). Ac-
cording to this hypothesis, DLPFC activity is
involved in the cognitive control of the emo-
tional impulse associated with fairness goals. A
contrasting but equally plausible hypothesis is
that fundamental impulses associated with self-
interest need to be controlled in order to main-
tain and to implement culture-dependent fairness
goals (3). According to this hypothesis, the
DLPFC is involved in overriding selfish im-
pulses, the latter of which may also be strongly
associated with emotional forces. This second
hypothesis has a “Freudian” flavor because
Freud’s theory of the ego and the superego is
based on the assumption that the ego and the
superego need to override the fundamentally
selfish nature of the id in order for human beings
to behave in reasonable and morally appropriate
ways (/2). Both hypothesis are, however, con-
sistent with dual-systems approaches (/3—16)
that stress the fundamental differences between
emotional (impulsive) and deliberative systems,
or between automatic and controlled processes,
because both fairness and selfish impulses may
have strong emotional content.

If we suggest that DLPFC may be involved in
inhibiting or overriding self-interest motives, we
do not want to imply that DLPFC directly sup-
presses other brain areas that represent self-interest.
Rather the term “inhibition” is a convenient short
term for top-down control (or executive control),
whose overall effect is a reduction in the weight
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Fig. 1. Behavioral responses and fairness judgments (means + SEM) related to the most unfair
offer of CHF 4 in the human offer condition. (A) Acceptance rates across treatment groups. Subjects
whose right DLPFC is disrupted exhibit a much higher acceptance rate than those in the other two
treatment groups (Mann-Whitney U tests, two-tailed, P < 0.05). (B) Perceived unfairness across
treatments (1 = very unfair; 7 = very fair). Subjects in all three treatment groups perceive an offer
of 4 as very unfair, and there are no significant differences across groups.
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of self-interested impulses on an individual's
action. Thus, rather than directly suppressing
neural activities that represent self-interested
impulses, the DLPFC may be part of a network
that modulates the relative impact of fairness
motives and self-interest goals on decision-
making. The final outcome of this modulation
may then be a weakening of the impact of self-
interest motives on decision-making.

The fact that the DLPFC is more strongly
activated with unfair offers than with fair ones
(9) does not necessarily mean that this brain
region is crucially involved in the implementa-
tion of fair behaviors. In principle, it is even
possible that DLPFC activation is not causally
involved in the decision to accept or reject unfair
offers, but instead, represents only a by-product
of some other process. In order to examine
whether DLPFC activity is crucial in the re-
sponders’ decisions and to discriminate between
the two hypotheses mentioned above, we ap-
plied low-frequency repetitive transcranial
magnetic stimulation (rTMS) to 52 subjects in
the role of the responder in an anonymous Ul-
timatum Game with a stake size of Swiss francs
(CHF) 20 (CHF 1 = $0.80). We limited the pro-
poser’s strategy space by only permitting offers
of CHF 10, 8, 6, or 4 (17) in order to generate
enough observations on the responders’ side.
CHF 10 is obviously the fairest offer, because it
splits the stake size equally, whereas CHF 4 is
the most unfair offer. Each responder played the
Ultimatum Game 20 times with 20 different
anonymous partners. In order to investigate a
possible hemispheric laterality in the role of
DLPFC on responders’ decisions, we applied
low-frequency rTMS for 15 min to the right (19
subjects) or to the left DLPFC (17 subjects).
Low-frequency rTMS for the duration of several
minutes leads to a suppression of activity in the
stimulated brain region that outlasts the duration
of the rTMS train for about half the duration of
the stimulation. The existence of a group that
receives rTMS to the right DLPFC and a control
group that receives rTMS to the left DLPFC is
also important because this controls for the
potential side effects of rTMS (78, 19), includ-
ing discomfort, irritation, and mood changes. In
addition, we had a further control condition
where we applied sham stimulation for 15 min
to the right or left DLPFC (16 subjects). Each
subject participated in only one of the three
conditions (left stimulation, right stimulation, or
sham), and none had experienced TMS previ-
ously. This is important because subjects who
experienced real rTMS before or after sham
stimulation on the same day are very likely to be
able to distinguish between the two stimulations
(17), which questions the control status of the
sham stimulation. Therefore, a pioneering at-
tempt (20), which lacked an active rTMS control
stimulation and an across-subject sham control,
could not attribute possible behavioral changes
associated with low-frequency rTMS to the
disruption of DLPFC.

How will the disruption of DLPFC with low-
frequency rTMS affect the responders’ behav-
ior? If the DLPFC is involved in implementing
fair behavior, which requires overriding selfish
impulses, disrupting this brain region should in-
crease the acceptance rate for unfair offers rel-
ative to the sham-stimulation condition. In other
words, if we disrupt activity in a brain region
hypothesized to place controls on selfish impulses,
we should functionally weaken the control, and
selfish impulses should thus have a stronger
impact on decision-making; the acceptance rate
of unfair offers should, therefore, increase. Alter-
natively, if DLPFC activity is involved in the
cognitive control associated with the inhibition of
fairness impulses, low-frequency rTMS applied to
this brain area should reduce the acceptance rate
of unfair offers, because the fairness impulses
should affect behavior more strongly if the ability
to inhibit them is reduced. Thus, the two
hypotheses make opposite predictions on how
low-frequency rTMS of DLPFC affects accept-
ance rates relative to the sham stimulation.

The application of rTMS to the right and left
DLPFC also enables us to test a lateralization
hypothesis. A number of studies have reported
preferential right-hemispheric involvement in the
inhibitory control of behavior (2/—24). This has
been shown in go/no-go tasks (27, 22) and risky
choice tasks (24), for example, and there appears
to be a right hemispheric lateralization of syn-
dromes, in which impairments in decision-making
and social behavior seem to reflect a breakdown
of control processes (25). We, therefore, con-
jectured that disruption of the right DLPFC might
be associated with different effects compared with
the disruption of the left DLPFC.

In addition to the conditions (left DLPFC,
right DLPFC, or sham) mentioned above, we
also implemented the following treatment varia-
tion. In each of the three conditions, a responder
played 10 games with partners who were
responsible for their offers, because they decided
how much to offer (human-offer condition), as
well as 10 games with partners who where not
responsible for their offers because a computer
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randomly generated the offers (computer-offer
condition). The latter condition is interesting be-
cause previous evidence indicates (26) that two
fairness motives—reciprocity (4) and inequity
aversion (J)—are simultaneously activated in the
human-offer condition, whereas only one fair-
ness motive—inequity aversion—is operative in
the computer-offer condition. A responder moti-
vated by reciprocity rejects a low offer because
he wants to punish the proposer’s unfair behavior,
whereas the inequity aversion motive is char-
acterized by resistance against the unfair distri-
bution of income that results from a low offer,
no matter how this distribution was generated.
Therefore, the motive to punish the partner for
an unfair offer cannot play a role in the
computer-offer condition, because the partner
is not responsible for it. As a consequence, the
behavioral impact of rTMS in the computer-offer
condition enables us to specify the interpretation
of our results by comparing the effects of the
disruption of the DLPFC in situations where the
reciprocity motive is present and absent.

As expected, the acceptance rates varied
strongly across offers. In the human-offer con-
dition, offers of 4 were accepted on average in
24% of the trials, whereas the acceptance rate for
offers of 6 was 67%, and offers of 8 were
accepted in 99% of the cases. For our purposes,
acceptance behavior with regard to the lowest
offers is most interesting, because the tension
between faimess and self-interest is greatest in
this case. After sham rTMS, the acceptance rate
for the most unfair offer was 9.3% and after real
rTMS of the left DLPC it was 14.7% (Fig. 1A).
These results contrast sharply with the accept-
ance rate of 44.7% after rTMS of the right
DLPFC. In fact, 37% of the subjects accepted all
unfair offers after right DLPFC disruption,
whereas no subjects in the sham or the left
DLPFC group accepted all of them. The differ-
ences across all three groups are significant
(Kruskal-Wallis test, H=7.265, df =2, n =
52, P =0.026), and pairwise two-tailed Mann-
Whitney U tests confirm that the right DLPFC
group has a significantly higher acceptance rate

Fig. 2. Response times for fair
and unfair offers in the human
offer condition. If subjects face
a fair offer of 10 they quickly
accept the offer, and there are
no significant differences across
treatment groups (Kruskal-
Wallis test, P = 0.264). If
subjects face an unfair offer of
4 the response time strongly
increases for subjects whose left
DLPFC is disrupted and for
those who receive sham stimu-
lation. However, subjects whose

10/10 offer

16/4 offer

right DLPFC is disrupted accept
unfair offers almost as quickly

as fair offers, leading to strong response-time differences across treatments for the case of unfair offers

(Kruskal-Wallis test, P = 0.028)
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than either the left DLPFC (Z=-1.969, n = 36,
P =0.049) or the sham group (Z=-2.388,n =
35, P=0.017). The same results hold if we pool
the behavioral responses to unfair offers of 4
and 6 and conduct a repeated measures analysis
of variance (ANOVA) of treatment (left DLPFC,
right DLPFC, or sham) x offer (4, 6). We find a
main effect of treatment [F(42,49) = 5.30, P =
0.008], and Fisher's post hoc test demonstrates
that subjects who received rTMS over right
DLPFC were more likely to accept offers of 4
or 6 than those stimulated over left DLPFC (P =
0.041) or those who received sham rTMS (P =
0.003). Interestingly, we found no interaction ef-
fect of treatment x offer (P = 0.398), which in-
dicated that subjects' acceptance behavior shows
a similar pattern for both unfair offers (i.e., higher
acceptance rate after right DLPFC disruption
compared with the other two conditions).

These differences across conditions can
neither be attributed to different propensities to
behave reciprocally nor to differences in individ-
ual impulsivity across treatment groups. Roughly
10 days after the experiment, the subjects also
completed personality questionnaires that assess-
ed their impulsivity (27) and propensity to re-
ciprocate (17, 28). We observed no differences
across treatment groups for either impulsivity
(Kruskal-Wallis test, H = 3.693, df=2, P=0.158)
or reciprocity (Kruskal-Wallis test, H = 0.853,
df = 2, P = 0.653). Moreover, the treatment
differences in acceptance rates remain highly
significant if we control for individuals’ impul-
sivity and reciprocity scores in a repeated mea-
sures ANOVA [main effect of treatment (F =
4.701, P = 0.014); Fisher’s post hoc test: right
versus left DLPFC (P = 0.020), right versus sham
(P=10.007)].

Interestingly, although rTMS of the right
DLPFC reduced the rejection rate, rTMS did
not change subjects’ faimess judgments. We
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elicited subjects’ fairness judgments with regard
to different offers on a seven-point scale (/7) im-
mediately after the Ultimatum Game experiment.
Subjects in all three treatment groups judged the
lowest offer of 4 as rather unfair when the human
partner made this offer (Fig. 1B), and a Kruskal-
Wallis test indicated no differences in fairness
judgments across treatments (H = 0.197, df = 2,
P = 00911). Similarly, there were also no
differences in the fairness assessment of offers
of 6 across treatments (H = 0.487, df =2, P =
0.784). Thus, disruption of the right DLPFC
diminishes fair behavioral responses to low offers
but does not affect subjects’ fairness judgments.

The results reported above support the hy-
pothesis that right, but not left, DLPFC activity,
is crucial for the ability to override selfish im-
pulses in order to reject offers perceived as
unfair. The response-time difference for ac-
cepted unfair and fair offers across groups
provides further support for this hypothesis
(Fig. 2). If subjects face a fair offer of 10 they
quickly accept, and no response-time differences
across treatment groups are observed (Kruskal-
Wallis test, H = 2.662, df = 2, P = 0.264). In
sharp contrast, subjects who receive rTMS to the
left DLPFC or sham stimulation need much
longer to accept unfair offers of 4 than subjects
who receive fair offers, which suggests that
there is a conflict between self-interest and fair-
ness motives at unfair offers that causes an in-
crease in response time. However, subjects whose
right DLPFC is disrupted exhibit similar response
times for both fair and unfair offers (Fig. 2). Thus,
large and significant differences across treat-
ment groups occurred at offers of 4 (Kruskal-
Wallis test, H = 8.051, df = 2, P = 0.0179);
subjects in the right DLPFC group accepted
unfair offers significantly faster than do sub-
jects in the left DLPFC group (Mann-Whitney
U test, two-tailed, P = 0.018) or in the sham
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Fig. 3. Behavioral responses and fairness judgments (means + SEM) related to the most unfair
offer of CHF 4 in the computer offer condition. (A) Acceptance rates across treatment groups. The
differences across treatment groups are not significant, and they are significantly smaller than in
the human offer condition (repeated measures ANOVA, P < 0.05). (B) Perceived unfairness across
treatments (1 = very unfair; 7 = very fair). Subjects in all three treatment groups perceive an offer
of 4 as less unfair than in the human offer condition (compare with Fig. 1B), and there are no
differences in fairness judgments across treatment groups.
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group (Mann-Whitney U test, two-tailed, P =
0.028). In terms of response time, subjects with
right DLPFC disruption seem to be less able to
resist the selfish temptation to accept low offers
although they view them as unfair.

The hypothesis that right DLPFC is crucial in
implementing fairness behaviors by overriding
self-interested impulses also has implications for
the computer-offer condition. Recall that the mo-
tive for punishing the partner for unfair offers
cannot play a role in this condition, because the
partner is not responsible for the offers. As a
consequence, the fairness forces are weak, and
therefore, the effects of disrupting the ability to
implement fair behaviors should also be so. This
pattern contrasts with the human-offer condition
where the fairness forces are strong; disruption of
the ability to implement fair actions should, there-
fore, have a strong impact on behavior. Thus, the
hypothesis that right DLPFC is crucial for the
ability to implement fairness goals predicts that
disruption of the right DLPFC activity will gen-
erate weaker effects in the computer-offer con-
dition than in the human-offer condition.

The data indeed support this prediction. The
average acceptance rate of an offer of 4 was
67.3% in the computer-offer condition, which
was much higher than the 24% in the human-
offer condition. The fact that fairness forces were
weaker in the computer-offer condition is also
indicated by the perceived unfaimess of an offer
of 4 (compare Fig. 3B with Fig. 1B) but, as in the
human-offer condition, there were no differences
in the perceived unfairness across treatment
groups (Kruskal-Wallis test, H = 0.052, P =
0.974). In contrast to the human-offer condition
there were no significant differences in accept-
ance rates across left DLPFC, right DLPFC, and
sham condition (Fig. 3A; Kruskal-Wallis test,
H = 2370, P = 0.306), which suggests that the
disruption of right DLPFC has no, or only minor,
effects in the computer-offer condition. A similar
conclusion was suggested by a repeated measures
ANOVA, which indicated an interaction between
treatment type (i.e., human- versus computer-offer
condition) and treatment group (i.e., left DLPFC,
right DLPFC, or sham condition) (F'=3.318, P=
0.045). This shows that the computer-offer
condition significantly reduces the behavioral dif-
ferences across treatment groups relative to the
human-offer condition.

These findings illustrate the importance of
rTMS for progress in understanding the neural
basis of human decision-making. First, previous
neuroimaging studies (9) put forward the view
that the DLPFC is crucial in overriding fairess
impulses when self-interest and fairness motives
are in conflict. However, our data indicate that
the DLPFC plays a key role in overriding or
weakening self-interested impulses and thus
enables subjects to implement their fairness
goals. Subjects are much more willing to behave
selfishly, i.e., to accept unfair offers, after dis-
ruption of the right DLPFC. In addition, they
accept unfair offers almost as quickly as fair of-

www.sciencemag.org SCIENCE VOL 314 3 NOVEMBER 2006

/T0Z ‘TZ JaqWaA0N uo /610 Bewasusalos aaualos//:dny wolj papeojumod

831



http://science.sciencemag.org/

REPORTS

832

fers, which suggests that self-interest impulses
have a stronger impact on behavior. Second, our
rTMS study also enables us to claim a causal role
of DLPFC activity in the implementation of fair-
ness motives when self-interest and fairness are
in conflict. The only previous attempt (20) could
not attribute a weak behavioral effect of rTMS to
the disruption of DLPFC because it used a con-
founded sham control and lacked an active rTMS
control stimulation (29). Third, disruption of
right DLPFC activity only affects fairness-related
behaviors but not fairness judgments. Subjects
behave as if they can no longer implement their
fairness goals after disruption of the right
DLPFC. This finding is also interesting in light
of evidence suggesting that patients with right
prefrontal lesions are characterized by the
inability to behave in normatively appropriate
ways, despite the fact that they have the judgment
necessary for normative behavior (30); the find-
ings thus support the importance of right prefron-
tal areas for normatively appropriate behaviors.
Thus, a dysfunction of the right DLPFC, or its
specific connections, may underlay certain
psychopathological disorders that are character-
ized by excessive selfish tendencies and a failure
to obey basic social norms. Fourth, the fact that
there is no behavioral effect of right DLPFC
disruption in the computer offer condition, where
the reciprocity motive is absent, supports the role
of the right DLPFC in the implementation of
reciprocally fair behaviors. Fifth, the data show
that only the right, but not the left, DLPFC
activity plays a causal role, because disruption of
the left DLPFC causes no behavioral changes
relative to the sham control, whereas disruption
of the right DLPFC sharply increases the ac-
ceptance rate of unfair offers. This fact is par-
ticularly interesting in the light of neuroimaging

data (9) that show that left DLPFC is activated if
subjects face unfair offers, raising exciting
questions about its exact role and the possible
interplay of the left and the right hemispheres in
the implementation of fairness-related behaviors
that require an overriding of selfish impulses.
Finally, the reported findings provide evidence
for theoretical approaches (/3—-16) to social
cognition and decision-making that stress the
fundamental role of DLPFC in neural networks
that support deliberative processes in human
decision-making.
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The Polarity Protein Par-3
Directly Interacts with p75™"" to
Regulate Myelination

Jonah R. Chan,** Christine Jolicoeur,? Junji Yamauchi,? Jimmy Elliott,? James P. Fawcett,*}

Benjamin K. Ng,* Michel Cayouette®**

Cell polarity is critical in various cellular processes ranging from cell migration to asymmetric cell
division and axon and dendrite specification. Similarly, myelination by Schwann cells is polarized,
but the mechanisms involved remain unclear. Here, we show that the polarity protein Par-3
localizes asymmetrically in Schwann cells at the axon-glial junction and that disruption of Par-3
localization, by overexpression and knockdown, inhibits myelination. Additionally, we show that
Par-3 directly associates and recruits the p75 neurotrophin receptor to the axon-glial junction,
forming a complex necessary for myelination. Together, these results point to a critical role in the

establishment of cell polarity for myelination.

he myelin sheath is a specialized mem-

I brane component in the vertebrate ner-
vous system that is essential for the
optimal transmission of neuronal action po-

tentials. In the peripheral nervous system,
Schwann cells (SC) are responsible for mye-
linating axons. Recently, environmental signals,
particularly the neuregulins (/) and the neuro-

trophins (2, 3), have been shown to regulate SC
myelination. Specifically, neurotrophin 3 (NT-3)
promotes SC migration and inhibits myelination
(2—4). In contrast, brain-derived neurotrophic
factor (BDNF) inhibits SC migration and pro-
motes myelination through the p75 neurotrophin
receptor (NTR) (2, 3, 5). Much less is known,
however, about the intrinsic mechanisms gov-
erning SC myelination. The formation of myelin
by SCs is a highly polarized process, which
consists of the unidirectional wrapping of
multiple layers of membrane concentrically
around an axon, initiated exclusively at the site
of the axon-glial junction, raising the question of
what regulates the asymmetric initiation of
myelination.

To address this question, we examined the
distribution of Par-3, a member of the Par family
of adaptor proteins involved in the establishment
of cell polarity in various cellular contexts
(6-15) in SC/dorsal root ganglion (DRG) neu-
ronal cocultures (Fig. 1A) and in sciatic nerves
(Fig. 1B). Interestingly, we found that Par-3 is
enriched asymmetrically at the membrane of
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