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The human brain is a detector of chemosensorily
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Studies on subjective body odour ratings suggest that humans exhibit preferences for human leucocyte
antigen (HLLA)-dissimilar persons. However, with regard to the extreme polymorphism of the HLLA gene
loci, the behavioural impact of the proposed HLA-related attracting signals seems to be minimal.
Furthermore, the role of HLLA-related chemosignals in same- and opposite-sex relations in humans has not
been specified so far. Here, we investigate subjective preferences and brain evoked responses to body
odours in males and females as a function of HLLA similarity between odour donor and smeller. We show
that pre-attentive processing of body odours of HLLA-similar donors is faster and that late evaluative
processing of these chemosignals activates more neuronal resources than the processing of body odours of
HILA-dissimilar donors. In same-sex smelling conditions, HILA-associated brain responses show a different
local distribution in male (frontal) and female subjects (parietal). The electrophysiological results are
supported by significant correlations between the odour ratings and the amplitudes of the brain potentials.
We conclude that odours of HLLA-similar persons function as important social warning signals in inter- and
intrasexual human relations. Such HLLA-related chemosignals may contribute to female and male mate
choice as well as to male competitive behaviour.
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1. INTRODUCTION
Several experimental studies have demonstrated that the
individual body odour in many vertebrates is associated
with their allelic profile of the major histocompatibility
complex (MHC; reviewed by Singh 2001). Due to these
MHC-related chemosignals individuals prefer to mate
with a conspecific that differs at the MHC (reviewed by
Penn 2002). However, while most studies indicate female
mate choice (Potts er al. 1991), some also point to the
possibility of male mate choice (Yamazaki er al. 1976;
Olsson et al. 2003). As female mice prefer MHC-similar
females as nest mates (Manning er al. 1992), kin
recognition also seems to be mediated by the MHC type.
MHC-associated chemosignals have been proposed to
affect sexual selection in order to preserve MHC poly-
morphism. The extreme polymorphism in MHC genes is
assumed to have an evolutionary advantage in most
vertebrates (e.g. heterozygote and rare allele advantage,
inbreeding avoidance; reviewed by Brown & Eklund 1994
and Penn & Potts 1999). However, while sexual selection is
traditionally considered to include inter- and intrasexual
components (Moshkin ez al. 2000; Moore et al. 2001;
Olsson er al. 2003), it has not been shown whether the
MHC also contributes to male competitive behaviour.
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In humans, the MHC is referred to as human leucocyte
antigen (HLA). Subjective rating studies, using T-shirts as
the odour source, indicate that odours of people with a low
(Wedekind & Fiiri 1997) or intermediate (Jacob ez al.
2002) number of HILA allele matches are preferred,
compared to odours of people with a high number of
HLA matches. In investigating same- and opposite-sex
relations between odour donors and perceivers, the
strongest correlation between HIA-dissimilarity and
odour pleasantness was unexpectedly observed in the
intra-sexual male condition (Wedekind & Fiiri 1997).
Generally, the behavioural consequences of these HLA-
related odour preferences in humans are considered to be
related to mate choice (Ober ez al. 1997), and to the degree
of acquaintance between unrelated people (Eggert er al.
1999q). Again, the strongest HLA effects on the degree of
acquaintance were found in male-to-male relations.

In order to understand how HILLA-related chemosignals
influence human information processing, the present
study employed chemosensory event-related potentials
(CSERPs; Kobal & Hummel 1988) as an objective
indicator of the neuronal activity associated with the
perception of HLLA-related chemosignals. CSERPs are the
averaged epochs of the electroencephalogram (EEG) that
occur time-locked to the chemosensory stimulus. Latency
and amplitude of the CSERP components can provide
information as to whether differences between HILA-
related chemosignals are already reflected in early,
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exogenous components (N1, ~400 ms post-stimulus) or
only influence late, endogenous components (P3,
~1000 ms post-stimulus; see Pause & Krauel 2000).
Exogenous potentials such as the early negative deflection
(N1) reflect mainly pre-attentive processing of external
stimulus characteristics (quality, intensity; Pause er al.
1996, 1997). Endogenous potentials such as the late
positive deflection (P3) occur in response to rare
(unexpected) stimuli and increase in amplitude with the
subjective meaning of a stimulus, e.g. when the rare
stimulus has to be responded to or is of subjective
importance to the perceiver. These components can be
elicited in course of the well established oddball paradigm
(Donchin & Coles 1988). Within the oddball paradigm,
rare stimuli are interspersed among frequent standard
stimuli. In the current paradigm, the rare odour stimuli
either served as the target stimulus, subjects had to detect
and respond to, or served as the distractor stimulus, in
order to study evaluative processes independent of task
demands.

Summarizing, the aim of the present study was to
investigate whether human electrical brain responses to
body odour depend on the HLA class-I compatibility
between sender and perceiver. In order to investigate HLLA
effects in same- and opposite-sex relations, CSERPs of
male and female subjects in response to odours of male
and female donors were analysed. In separating early from
late CSERP components, it was addressed whether HLA-
associated chemosignals are processed pre-attentively
and/or consciously.

2. MATERIAL AND METHODS

(a) Subjects

Forty subjects reporting no history of neurological or
endocrine diseases, or diseases related to the upper respirat-
ory tract participated in the study. Due to missing EEG data,
two subjects were excluded from further analysis (S12 and
S33, see table 1). The final subject sample (mean age=26.9,
s.d.=4.7, range=20-41, no group differences (ANOVA):
F(3,34)=1.27, p>0.20) included three smokers (no group
differences (Craddock-Flood): x3=3.77, p>0.20), and 29
dextrals, six sinistrals and three ambidexters (no group
differences (Craddock-Flood): x2=4.53, p>0.20). Thirty-
six subjects described themselves as heterosexual and two
(one male) as bisexual. A screening for olfactory sensitivity
(mixture of citral, eugenol, linalool, menthol and isoamyl
acetate) at the beginning of the experiment revealed no group
differences (Craddock-Flood: x2=2.73, p>0.20). All female
subjects were investigated at the beginning of their menstrual
cycle (mean cycle day=3.5, s.d.=1.8) and 11 of them used
oral contraceptives (no group differences (Craddock-Flood):
x3=0.38, p>0.20). The subjects participated voluntarily in
the study, gave written, informed consent and were paid for
participation.

(b) Body odours and odour presentation

Odour samples (axillary hair) from 61 donors were collected
(table 1). As some donated for more than one experimental
session, the number of odour donors for each experimental
group varied between 18 and 24. The final donor sample had
a mean age of 27.7 years (s.d.=5.7; no group differences
(ANOVA): F(3,82)=1.01, »p>0.20) and seven of them
described themselves as regular smokers (no group
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differences (Craddock-Flood): x3=0.167, p>0.20). The
donating subjects declared that they did not suffer from any
endocrine disorder and were asked to refrain from using
deodorants and to wash their armpits exclusively with water
2 days before the axillary hair was collected. Furthermore,
they were requested to refrain from eating onions, garlic or
asparagus and had to keep nutrition and hygiene diaries. All
subjects cut their axillary hair in the morning, immediately
after waking up. The females were additionally asked to cut
their hair in the follicular phase of the menstrual cycle, within
a few days after the end of menstruation (mean cycle day=
6.1, s.d.=1.8). Axillary hair samples were stored at —20 °C
until use (mean storage time =48 days, s.d.=42). All donors
were paid for their cooperation.

For the EEG sessions, the axillary hairs were placed in
odour chambers (mean=33.3 mg hairs in each chamber,
s.d.=9.6) of a constant-flow (2 X 3-) olfactometer (Burghart
Company, Wedel, Germany). Odours were presented birhin-
ally by independent airstreams (100 mls ™ ') for 600 ms each
with an interstimulus interval of 18-22s (mean=20s).
During stimulus presentation, subjects performed the
velopharyngeal closure technique (Pause er al. 1999aq).
Thereby, the soft palate closes the connection between the
oral and the nasal cavity, and because the subjects are
breathing through their mouth, the odour presentations do
not interfere with the nasal breathing cycle.

(¢) Design

In our study, all subjects and odour donors (donation of
samples of axillary hair) were serologically tissue-typed for
their A- and B-loci (HLA-class I). Three odour donors were
individually assigned to each of 40 (20 males) subjects
(table 1). Whereas two of the donors shared none of the
detected HLLA class I alleles with the perceiving subject
(standard stimulus and deviant stimulus 1, condition: HLA-
dissimilar), one of them shared at least three alleles (deviant
stimulus 2, condition: HILA-similar). As the subjects
perceived the foreign body odours always in the context of
their own body odour, it might have been more difficult to
detect of the deviant stimulus 2 (HLA-similar). In order to
obtain a similar context odour for the deviant stimulus 1
(HLA-dissimilar), the standard stimulus was chosen to be
similar to the deviant stimulus 1.

A three-stimulus oddball design was used to differentiate
HILA effects on automatic (pre-attentive) and on controlled
(conscious) stimulus processing. Within the oddball para-
digm, the standard odours were presented with an occurrence
probability of 60% and the two deviant stimuli with a
probability of 20% each. During four blocks of 50 trials, the
deviant stimuli were alternatively presented as targets or
distractors. The subjects’ task was to detect the target odour
by lifting their right index finger (response initiation by a
160 Hz tone, 3-4 s after odour onset). However, they were
not informed about the occurrence of the distractor odour.

At the beginning of each 50-trial block, standard and
target odours were introduced to the subjects. They were
asked whether they disliked or liked the odour and whether
they could imagine having a partner with such a body odour
(seven-point scale for each rating: —3 to +3). Both ratings
were highly correlated (r=+0.86, p<0.001). However,
further analyses of the subjective data were exclusively
based on the ratings for partner preferences, because they
were closer to a normal distribution than the ratings for
general odour valence (Kurtosis analysis).
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Table 1. Design and specification of HLA class I types.
donors (D)
standard stimulus deviant stimulus 1 deviant stimulus 2
subjects (S) HILA-dissimilar HILA-dissimilar HILA-similar
sex of sex of
subject donor no. HLA-type no. HLA-type no. HLA-type no. HLA-type
female same sex Sl A2,3 B7,62 D1 Al,24 B8,35 D2 Al,24 B8,44 D3 A2,3 B7,60
S2 A2,2 B44,62 D4 A3,11 B35,47 D5 A3,11 B35,35 D6 A2,2 B44,62
S3 Al1,25 B8,18 D7 A2,11 B35,39 D8 A2,11 B18,35 D9 Al,25 B18,57
S4 Al,25 B18,57 D10 A3,24 B35,51 Dl1 A3,24 B35,61 D12 Al,25 B8,18
S5 A2,24 B7,62 D13 Al,25 B18,57 D12 Al,25 B8,18 D14 A2,24 B7,62
S6 A3,24 B35,61 D15  A2,29B44,44 D16  A2,29B44,56 DI0  A3,24 B35,51
S7 A2,26 B37,44 D17 Al,24 B8,58 D1 Al,24 B8,35 D18 A2,26 B7,44
S8 Al,l BS,8 D19 A226B7,44 D18 A226B7,44 D20 Al,l BS,8
S9 A3,11B 35,35 D21 A2,2 B44,62 D6 A2,2 B44,62 D4 A3,11 B35,47
S10 Al,25B 18,57 D22 A2,3 B7,7 D23 A2,3 B7,62 Do Al,25 B18,57
opposite  S11 Al,2 B8,60 D24 A3,3 B35,44 D25 A3,3 B27,35 D26 Al,2 B8,60
sex S12 A2,3 B7,7 D27 Al,1 B35,57 D28 Al,1 B8,35 D29 A2,3 B7,7
S13 A3,3B18,35 D26  Al,2 B8,60 D30 Al,2B37,60 D25 A3,3B27,35
S14 Al,24 B8,35 D31 A2,2 B60,60 D32 A2,2 B7,60 D33 Al,24 B8,51
S15 A2,3 B7,60 D28 Al,1 B8,35 D34 Al,11 B8,35 D35 A2,3 B7,60
S16 Al,1 B8,8 D36 A2,30 B27,51 D37 A2,2 B27,51 D28 Al,1 B8,35
S17 A2,3 B35,60 D33 Al,24 B8,51 D38 Al,24 B7,8 D39 A2,3 B13,35
S18 Al,11 B35,44 D32 A2,2 B7,60 D40 A2,2 B7,7 D34 Al,11 B8,35
S19 A3,3 B7,44 D41 Al,24 B8,62 D33 Al,24 B8,51 D24 A3,3 B35,44
S20 Al,24 BS,44 D42 A23B3551 D39 A2,3B13,35 D38  Al,24B7,8
male same sex S21 A24,25 B18,62 D26 Al,2 B8,60 D43 Al,3 B8,60 D44 A24,25 B18,18
S22 Al,1 B8,35 D35 A2,3 B7,60 D29 A 2,3 B7,7 D34 Al,11 B8,35
S23 A2,3B27,62 D38  Al,24B7,8 D33  Al1,24B8,51 D45 A2,3 B62,62
S24 Al,11 B8,35 D32 A2,2 B7,60 D31 A2,2 B60,60 D28 Al,1 B8,35
S25 A2,2B60,60 D24 A33B3544 D25 A3,3B27,35 D32 A2 B7,60
S26 A2,2 B27,51 D41 Al,24 B8,62 D38 Al,24 B7,8 D36 A2,30 B27,51
S27 Al,3 B7,8 D36 A2,30 B27,51 D37 A2,2 B27,51 D43 Al,3 B8,60
S28 A2,2 B7,7 D28 Al,1 B8,35 D34 Al,11 B8,35 D29 A2,3 B7,7
S29 A2,3 B13,35 D46 A24,25 B18,62 D44 A24,25 B18,18 D42 A2,3 B35,51
S30 A3,3 B7,7 D47 Al,2 B8,51 D26 Al,2 B8,60 D48 A3,3 B7,7
opposite  S31 A 25,33 B7,18 D10 A3,24 B35,51 D11 A3,24 B35,61 D49 A2,25 B7,18
sex S32 A 1,1 B35,57 D50 A224B39,44 D51  A2,24B27,44 D52  Al,1 B8,57
S33 A3,3 B35,44 D53 A2,11 B50,60 D54 A2,11 B38,60 D55 A3,3 B7,44
S34 Al,2 B8,60 D56 A3,3 B18,35 D57 A3,30 B18,35 D58 Al,2 B8,60
S35 A2,3 B7,7 D9 A1,25B18,57 D12  Al,25B8,18 D22  A2,3B7,7
S36 Al,24B851 D59  A2,25Bl18,62 D49  A2,25B7,18 DI Al,24 BS,35
S37 A2,3 B7,60 D60  Al1,24B827 DI Al,24B8,35 D3 A2,3 B7,60
S38 A2,24 B7,62 D13 Al,25 B 18,57 D9 Al,25 B18,57 D6l A2,24 B7,62
S39 A24,25 B18,18 D62 Al,2 B8,57 D63 Al,2 B8,57 D64 A24,25 B18,51
S40 Al,3 B8,60 Dile6 A2,29 B44,56 D15 A2,29 B44,44 D65 Al,3 B7,60

(d) EEG recording and analysis

The EEG was recorded unipolarly from seven electrode
positions (F3, Fz, F4, Cz, P3, Pz, P4) in reference to linked
mastoids (bandpass: 0.016-30 Hz) and grounded at the
position Oz. The recording time was 6s for each trial,
including 1s baseline (sample rate=128 Hz). Eye move-
ments were corrected off-line (Elbert er al. 1985). For peak
detection (maximum amplitudes) the bandpass was set to
0.053-4.7 Hz.

Within the averaged potential, four peaks (N1, P2, P3-1,
P3-2) were detected in relation to the averaged baseline
(Pause et al. 1996). However, only those peaks which
represented early exogenous or late endogenous stimulus
processing were considered for further analysis. Therefore,
CSERDPs in response to the detected and rejected standard
odours were compared with the CSERPs in response to the
detected and rejected target odours (three-way ANOVA:
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detection (correct rejection, false alarms, hits, misses),
anterior/posterior and hemisphere (left, central, right)). As
the standard stimuli exclusively belonged to HLLA-dissimilar
donors, these analyses were carried out for odour stimuli from
HILA-dissimilar odour donors only. Exogenous potentials
were considered not to vary with the subjective stimulus
significance, whereas endogenous potentials should be larger
in response to subjectively meaningful (detected) stimuli.
The main statistical analysis was performed by means of
a six-way ANOVA, including the factors HLA (similar/
dissimilar), odour donor (same sex, opposite sex), subject
(female, male), detection (hits, correctly rejected distractors),
anterior/posterior and hemisphere. In case of significant
interactions including the HLA factor, further analyses were
carried out by isolating simple HLLA effects within selected
interactions, according to Levine (1991). By analysing the
nested effects within selected interactions, multiple testing of
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Figure 1. Grand averages across all subjects in response to body odours from HI.A-similar donors (bold lines) and HLA-
dissimilar donors (thin lines). (@) Females smelling females. () Females smelling males. (¢) Males smelling males. (d) Males
smelling females. All recordings from Pgz; at time point 0 the odorous flow was activated.

single comparisons is avoided. As the standard odours did not
vary in terms of HLLA similarity, the main analysis was carried
out for the deviant odours only.

3. RESULTS

(a) Detection performance

Across all conditions, 50.3% of the targets were correctly
detected, and 74.6% of the standards and 52.6% of the
distractors were correctly rejected. The subjects’ detection
performance was independent of HLLA-related differences.

(b) CSERPs in response to detected and
undetected odour stimuli

The amplitude of the N1 was generally larger in response
to rare (hits: 2.01 uV, misses: 1.84 nV) than to frequent
stimuli (correct rejections: 1.17 pV, false alarms: 1.10 uV;
F(3,845)=8.50, p=0.004). However, the NI was unaf-
fected by the subjective task relevance of the odours. On
the contrary, the amplitude of the P3-2 did vary with the
subjective stimulus meaning (F(3,845)=5.61, p=0.019):
it was larger in response to detected odours (hits: 4.17 uV,
false alarms: 4.27 puV) than to undetected odours (correct
rejections: 3.55 puV, misses: 3.10 uV). Additionally, the
P3-2 showed a parietal maximum (F(1,845)=219.44,
$»<0.001; anterior: 2.05 uV, posterior: 5.5 uV) and was
largest above the midline (F(2,845)=22.50, p<0.001;
left: 3.04 pV, central: 4.86 pV, right: 3.42 uV). As the P2
and the P3-1 were neither affected by the level of detection
nor by the probability of stimulus occurrence, they were
not considered in further analyses.
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(c) CSERPs in response to odours of HLA-similar
and HLA-dissimilar donors

The CSERP analyses show that across all subjects body
odours of HLLA-similar donors were processed faster than
those of HILLA-dissimilar donors (Main effect of HLA-
similarity on N1 peak-latency: F(1,34)=7.45, p=0.010,
power=0.755; HLA-similar: 384.5 ms, HLLA-dissimilar:
407.7 ms). However, the speed of late, evaluative odour
processing (P3-2) was not affected by the degree of HLA
similarity between subject and odour donor.

Additionally, HLLA-related differences between odour
donors and perceivers affected the strength of the neuronal
brain response during late, evaluative stimulus processing
(see figure 1a—d). Odours of HLLA-similar persons evoked
larger P3-2 potentials than odours of HLA-dissimilar
donors (HLA X anterior/posterior X hemisphere: F(2,68) =
7.52, p=0.010, power=0.935). Analyses of the simple
main effects revealed that HLLA-related differences were
most prominent above medial posterior scalp areas
(Pz; F(1,37)=17.58, p=0.009, power=0.765).

The local distribution of the HLA-effects on the P3-2
potential was modulated by the sex of the odour donors
and of the subjects. Generally, in same-sex smelling
conditions (men smelling male odour or females smelling
female odour), potentials evoked by odours of HLA-
similar donors were larger than the cortical evoked
responses to odours of HLLA-dissimilar donors at medial
parietal electrodes (HLA Xodour donorXanterior/
posterior X hemisphere: F(2,68)=5.03, p=0.032,
power=0.800; nested effect for Pz: F(1,37)=8.29,
p»=0.007, power=0.801). However, analysing female
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Figure 2. P3-2 amplitudes (means and standard deviations) in response to HLLA-similar and dissimilar odour donors: separation
for anterior and posterior electrode positions and for the sex of the subjects and of the odour donors (HLLA X odour donor X

subject X anterior/posterior; p=0.008).

and male subjects separately (HLAXodour donorX
subject X anterior/posterior: F(1,34)=8.08, p=0.008,
power=0.789) it could be found that males show larger
P3-2 amplitudes in response to odours of HILA-similar
males above frontal scalp areas (F(1,37)=7.90, p=0.008,
power=0.782), whereas females show larger potentials to
odours of HLA-similar females above parietal scalp areas
(F(1,37)=5.88, p=0.020, power=0.656; see figure 2).

(d) Subjective ratings

Group mean differences of subjective rating data indicate
that subjects tended to reject body odours of donors with a
similar HLLA-type more than those with a dissimilar HLLA-
type (table 2). Moreover, correlations (Pearson) between
the ratings for the potential partner preference and the
P3-2 amplitude (uV; table 2) revealed significant results:
high correlations were solely observed when subjects
smelled odours from HIA-similar persons of the same
sex (p<0.05). In females, the P3-2 amplitude increased,
the more negatively the body odours were evaluated. In
males, the P3-2 amplitude was larger, the more positively
the body odours were judged.

4. DISCUSSION

First, the CSERP results as well as the correlation analyses
of the subjective ratings reveal that odours of HLLA-similar
persons convey significant information, whereas odours of
HILA-dissimilar persons are perceived as less relevant.
Second, both analyses point to the conclusion that males
and females process HLA-related chemosignals of the
same sex differently.

The CSERP results are related to two components,
which reflect exogenous (N1) and endogenous (P3-2)
stimulus processing (Donchin & Coles 1988). The NI
component did not vary with the subjective task relevance
but was larger in response to the rare than to the frequent
stimuli. This result is in accordance with the observation
that the chemosensory NI amplitude is prone to show
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Table 2. Mean ratings for the potential partner preferences
and correlations with the P3-2 amplitude. (Note: Ratings
varied between —3 (least preference) and +3 (highest
preference). Correlations were performed across all six
electrodes (F3, Fz, F4, P3, Pz, P4). Level of significance:
*$<0.05.)

design
rating correlation
subject donor HILA (mean) (Pearson)
females same sex  similar —0.05 —0.67*
dissimilar +0.25 —0.35
opposite similar +0.22 —0.30
sex dissimilar +0.33 —0.20
males same sex similar —0.70 +0.75%
dissimilar —0.35 +0.02
opposite similar —0.11 —0.01
sex dissimilar —0.11 +0.24

strong (stimulus-specific) effects of habituation (see Pause
2002). On the contrary, the P3-2 component was larger in
response to detected than to undetected odours and,
additionally, showed a parietal maximum. This result is in
line with a number of studies which demonstrate that the
chemosensory P3-2 component represents the features of
the traditional P3 component (reviewed by Pause &
Krauel 2000). As the chemosensory P2 might be related
to exogenous stimulus processing and the P3-1 to novelty
detection (Pause ez al. 1996), their functional significance
could not be fully explained with the present data set and
they were not considered for the HLLA analyses.

In general, and independent of the sex of the odour
donor and smeller, CSERPs were larger (P3-2) and
appeared with a shorter latency (NI) when the subjects
processed body odours from HLA similar donors.
We suggest that the HLLA effect on the N1 latency is
related to the precise neuronal timing within the primary
(Spors & Grinvald 2002) and secondary (Lorig 1999)
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olfactory cortex, which is important for pre-attentive
odour quality discrimination. Since the P3-2 is related to
cognitive-emotional stimulus evaluation, our results
indicate that more attentional resources are activated in
response to body odours of HLLA-similar donors than to
odours from HIA-dissimilar sources.

However, one could argue that the P3-2 in response to
HILA-similar donors was larger, because the deviant
stimulus 2 (HLA similar) was more different than the
deviant stimulus 1 (HLA-dissimilar) from the standard
stimulus (HLA-dissimilar, see table 1). However, this
interpretation would indicate that HLA-related body
odour differences between two people could be detected
in general, without relating them to one’s own HLA-type.
As so far, all evidence in humans points solely to the ability
of humans to detect HLLA-related body odours in relation
to their own HLA-type (Ober er al. 1997; Wedekind &
Fiiri 1997; Jacob et al. 2002) it is argued strongly that the
HILA-related differences in brain activity, reported here,
are due to the immunogenetic relatedness between the
odour donor and the perceiver. Moreover, the N1 effect,
which is independent of the oddball design, also refers to
the fact that HLLA-similarity is processed and is thus in line
with the interpretation of the P3-2 effect stated herein.

The fact that information about genetic similarity has a
processing advantage in speed as well as in recruitment of
neuronal resources is in line with findings on chemosen-
sory and visual self-perception. As the processing of one’s
own body odour is faster than the processing of non-self
chemical signals (Pause ez al. 1999b) and as the perception
of one’s own face activates a distinct and unique neuronal
network, including limbic and prefrontal brain areas
(Kircher et al. 2001), the existence of a self-detecting
neuronal assembly within the human brain seems to be
likely. It is proposed that the detection of genetic similarity
might be associated with this self-detection system, which,
however, might become functional during a sensitive
period in ontogenesis (see Yamazaki et al. 1988).

It is further concluded that the behavioural impact of
chemosensory signals related to HLLA-similarity is stron-
ger than of signals related to HLA-dissimilarity. As the
HIA loci are the most polymorphic loci in the human
genome (Parham & Ohta 1996), the probability of
meeting unrelated individuals with a dissimilar HLA-
type is extremely high. Therefore, the development of a
preference for potential partners with a dissimilar HLLA
type might be related to other factors than to chemosen-
sory cues, whereas the rejection of potential partners with
a similar or identical HLA type might be most effectively
determined by the rarely occurring chemosignals of self.
Furthermore, it has been proposed that MHC-regulated
inbreeding avoidance might lead to higher fitness benefits
than MHC-heterozygosity (Penn 2002). Accordingly,
inbreeding avoidance could be successfully achieved if
MHC similarity is transmitted as an avoidance behaviour
activating signal.

In same sex conditions, the specific brain areas involved
in the processing of HLA-related body odours are different
in male and female perceivers. In males, large HLA-
related potential differences occur above anterior scalp
areas and in females above parietal scalp areas. The
prefrontal cortex is assumed to play a key-role in the
integration of valenced information (Davidson 2002;
Anderson et al. 2003), while activity in the parietal cortex
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seems to be related to emotion-related arousal (Nitschke
et al. 2000). It is, therefore, postulated that males process
chemosensory signals from HILA-similar males primarily
as hedonic information, while females process according
signals primarily as arousing information. In line with
these considerations, the most negative ratings were given
by males responding to same sex odours, whereas in
females, the hedonic ratings were less pronounced
(table 2; group mean differences might not have reached
the significance level, because the number of subjects in
our electrophysiological study was much smaller than in
studies designed to investigate subjective ratings).
Thereby, the positive sign of the correlation in males
indicates that emotionally positive odours of HLLA-similar
males were perceived as unexpected (average ratings are
negative) and correspondingly elicited larger potentials. In
contrast, females might have responded with larger
potentials to odours of other HLA-similar females with
an unexpected negative valence (inverse correlation;
average ratings are indifferent).

As the CSERPs of females and males, responding to
HILA-related body odour signals of opposite sex donors,
showed similar features, it remains possible that not only
females but also males are involved in human mate
selection (Yamazaki ez al. 1976; Potts er al. 1991; Olsson
et al. 2003). The effect that females also responded to
HIA-similarity in same sex conditions, might be equiv-
alent to the effects of kin recognition in female mice,
demonstrating that females nest communally and appear
to nest with MHC-similar females when siblings are
unavailable (Manning er al. 1992). However, the HLA-
effect on the chemosensory male-male communication
raises the intriguing possibility that competitive behaviour
in males may be modulated by HILA-associated chemo-
signals. So far, it is known that competition in male
behaviour and sperm production can be initiated through
chemosensory signals of conspecifics (Rich & Hurst 1998;
DelBarco-Trillo & Ferkin 2004), and that male competi-
tive behaviour can facilitate female mate choice
(Lenington et al. 1992; Candolin 1999). Furthermore,
the reduced fitness in inbred mice is related to the reduced
survivorship of males in competitive conditions (Meagher
et al. 2000). Thus, male competitive behaviour could have
evolved secondary to female mate choice (Moore et al.
2001) on the basis of the same MHC-related regulatory
mechanisms.

The limitations of our study are related to the unknown
relative contribution of the HILLA-A and -B loci to the
described effects. While so far no study in humans allows
us to decide which of the different HLLA genes contributes
most to the individual body odour, in rats it has been
shown that class I as well as class II regions of the MHC
are responsible for the individuality of body odours
(Brown et al. 1989). However, due to the fact that class I
genes are expressed on the surface of all nucleated somatic
cells, and that class II genes have a much more restricted
expression pattern, most animal research on MHC-related
body odours has focused on MHC-class I genes (see
Penn 2002). In humans, the HLA-C region is the
phylogenetically youngest among the classical class I
genes (Kelley ez al. 2005), and might, therefore, contribute
less to chemosensory communication than the A- and
B-region. We and others (Wedekind & Firi 1997) have,
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therefore, focused the research on HLA-related chemo-
perception on the A- and B-region.

While HLLA-related body odours can be differentiated
by rodents (Ferstl ez al. 1990) and via analytic technologies
(Eggert et al. 1999b; Montag er al. 2001), so far, the
signalling properties of these chemosignals have exclu-
sively been reported in human rating studies (Wedekind &
Fiiri 1997; Jacob ez al. 2002). In contrast to the latter, our
CSERP results show that body odours from HLA-similar
sources have a processing advantage and thus may convey
more significant information than those from HLA-
dissimilar donors. Therefore, in humans, HILA-related
signals seem to be associated to a negative selection bias in
mating behaviour. Moreover, HIL.A-associated odour
signals from same-sex persons are processed differently
in males and females, pointing to different behavioural
functions in male-to-male (competition) and female-to-
female (communal behaviour) relations.
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