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A polymorphism in the human serotonin transporter gene pro-
moter (5-HTTLPR) is associated with anxiety and increased risk for
developing depression in the face of adversity. Here, we report
that among infant rhesus macaques, an orthologous polymor-
phism (rh5-HTTLPR) interacts with adversity in the form of peer
rearing to influence adrenocorticotropic hormone (ACTH) response
to stress and, further, that this interaction is sexually dichotomous.
ACTH responses to separation are higher in l�s than in l�l males. In
females, however, it is only among those with a history of adver-
sity that the s allele is associated with increased ACTH responses to
stress. Of interest, peer-reared animals, in particular females car-
rying the s allele, also exhibit lower cortisol responses to stress, a
pattern that has been recognized in association with certain
stress-related neuropsychiatric disorders. By extension, our find-
ings suggest the intriguing possibility that human females carrying
the 5-HTTLPR s allele could be more vulnerable to the effects of
early adversity. This interactive effect may underlie the increased
incidence of certain stress-related disorders in women.

Individuals exposed to adversity early in life are at increased
risk for developing medical conditions, including diabetes,

atherosclerosis, and heart disease, in addition to the stress-
related neuropsychiatric disorders, such as posttraumatic stress
disorder, depression, and alcoholism (1). Although an individ-
ual’s early responses to adversity are believed to contribute to the
pathogenesis and progression of such disorders, disease onset
often does not occur until adulthood and, moreover, it is not the
case that everyone who experiences adversity early in life
eventually develops stress-related disease. There is accumulating
evidence that early adversity and genetic vulnerability can
interact, increasing one’s susceptibility to stress-related disorders
later in life (2). Although it is accepted that there are additional
factors, such as gender, that may increase an individual’s sensi-
tivity to adversity (3–8), whether these factors modulate or
contribute to the complex interactions between genes and early
life stress has yet to be examined. Because of their genetic
similarity to humans, non-human primates are particularly useful
for genetic association studies and, more importantly, for study-
ing gene by environment (G�E) interactions, because their
rearing environments can be tightly controlled (9, 10). Of
particular interest for the study of G�E interactions are gene
variants that are likely to confer differential sensitivity to stress
(2). By following animals from infancy, the rhesus macaque
model affords the opportunity to study these interactions as they
relate to vulnerability to challenge throughout early develop-
ment. In this report, we examine whether there are sex differ-
ences in the interactive effects of early adversity and a functional
variant in the transcriptional control region of the serotonin
transporter gene (rhesus serotonin transporter-linked polymor-

phic region, rh5-HTTLPR) on reactivity to stress during early
infant development in rhesus macaques.

Among humans, there is a common polymorphism involving
an insertion�deletion in the transcriptional control region of the
serotonin transporter gene (5-HTTLPR), which alters in vitro
gene transcription (11), in vitro transporter activity (12), and in
vivo serotonin transporter density (13). Individuals carrying the
short (s) allele are more likely to demonstrate anxiety-related
personality traits, such as neuroticism, harm avoidance, and
disagreeableness, than are individuals homozygous for the long
(l) allele (11, 14, 15). Studies have demonstrated increased
activation of the right amygdala in response to stressful stimuli
in carriers of the s allele (16) as well as an increase in the
incidence of the stress-related neurospychiatric disorders, in-
cluding alcoholism and depression (17). Recently, Caspi et al. (2)
reported that the s allele is associated with depression but only
among individuals exposed to childhood maltreatment or major
life stressors as young adults.

In rhesus macaques, a 21-bp insertion�deletion polymor-
phism, rh5-HTTLPR, orthologous to the human serotonin trans-
porter length variant (18), has been shown to alter transcrip-
tional efficiency (19), resulting in decreased serotonin
transporter mRNA levels in brains of macaques carrying the s
rh5-HTTLPR allele (unpublished data). In our laboratory, we
have demonstrated interactive effects between rearing experi-
ence and rh5-HTTLPR genotype on a number of phenotypes of
interest (10), including sensitivity to alcohol (20), neuroendo-
crine stress reactivity (21), and infant affective responding (22).

In rodents, neonatal handling produces lasting changes in
stress responsivity (4–8). Although the experience of postnatal
handling increases males’ capacities to face challenge, handled
females demonstrate increased sensitivity to stress. This is
interesting in light of the fact that women are more vulnerable
to stress-related anxiety and mood disorders, such as depression.
As stated above, the study by Caspi et al. (2) demonstrated that
the 5-HTTLPR s allele is associated with depression but only
among individuals exposed to adversity. Because of the in-
creased incidence of depression among women, sex was included
as a covariate in their analyses. However, the potential for
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interactions to occur among sex, life stress, and the 5-HTTLPR
s allele was not addressed.

Central to physiological and behavioral adaptation to stress is
the hypothalamic—pituitary–adrenal endocrine axis (HPA axis).
In response to a stressful stimulus, corticotropin-releasing hor-
mone is released from the hypothalamus (23), the site of
convergence for stress signals in the brain. Adrenocorticotropic
hormone (ACTH) is then released from the anterior pituitary
gland, resulting in stimulation of glucocorticoid secretion from
the adrenal cortex. We have obtained peripheral measures of
both ACTH and the glucocorticoid, cortisol, from 190 infant
rhesus macaques during the course of early development, at ages
comparable to 9–24 months in humans. Three of these samplings
occurred after 30 min of social separation, a stressor that, in
macaques, is known to evoke a profound stress response (24). We
wanted to determine whether rearing condition and rh5-
HTTLPR genotype would interact to influence HPA axis output
after acute separation stress during early infancy in rhesus
macaques. Further, we wanted to examine whether sex would
modify the interactive effect between maternal deprivation and
rh5-HTTLPR genotype.

Materials and Methods
Animals. Infants (n � 190) from an outbred colony of rhesus
macaques (Macaca mulatta) were obtained from seven birth-year
cohorts and were randomly selected to be reared either with
their mothers (mother-reared, MR) or in peer-only groups
(peer-reared, PR), an established non-human primate model for
early life stress (25). The peer-rearing condition deprives animals
of parental input and the opportunity to learn appropriate social
behaviors and context during early development and is a model
for early life stress. These rearing conditions have been described
in detail (26). Briefly, MR animals (n � 128, 62 females and 66
males) were reared in social groups composed of 8–12 females
(about half of whom had same-age infants) and two adult males.
PR animals (n � 62, 28 females and 34 males) were separated
from their mothers at birth and hand-reared in a neonatal
nursery for the first 37 days of life. For the first 14 days, they were
kept in an incubator and hand-fed. From day 15 until day 37, they
were placed alone in a nursery cage and provided a blanket and
a terrycloth-covered rocking surrogate. A bottle from which the
infants would feed was fixed to the surrogate. At 37 days of age,
they were placed in a cage with three other age mates with whom
they had continuous contact. Protocols for the use of experi-
mental animals were approved by the Institutional Animal Care
and Use Committee of the National Institute of Child Health and
Human Development.

Separation Stress and Sample Collection. Blood samples were drawn
from the femoral vein under ketamine anesthesia (10 mg�kg,
i.m.) from infant rhesus macaques at exactly 2, 3, 4, 5, and 6
months of age. Nonstressed baseline samples were obtained at 60
days (2 months) and 6 months of age. At days 90, 120, and 150
(3, 4, and 5 months of age, respectively), subjects were removed
from their mother (MR animals) or peer group (PR animals)
and isolated in an unfamiliar single cage (64 � 61 � 76 cm) for
30 min. At the end of each 30-min separation, blood samples
were obtained under anesthesia for determination of ACTH and
total cortisol levels by radio immunoassay (27). All samples were
collected between 1130 and 1430 h, within 15 min of investiga-
tors’ entrance into the housing facility for capture and sampling.

Genotyping. By using standard extraction methods, DNA was
isolated from whole blood, collected from the femoral vein
under ketamine anesthesia (15 mg�kg, i.m.). The rh5-HTTLPR
was amplified from 25 ng of genomic DNA with flanking
oligonucleotide primers (stpr5, 5�-GGCGTTGCCGCTCT-
GAATGC; intl, 5�-CAGGGGAGATCCTGGGAGGG), as de-

scribed (21). Amplicons were separated by gel electrophoresis on
a 10% polyacrylamide gel, and the s (388-bp) and l (419-bp)
alleles of the rh5-HTTLPR were identified by direct visualization
after ethidium bromide staining.

Data Analyses. ANOVA was conducted to assess the effects of
rh5-HTTLPR genotype, rearing condition, and sex on HPA axis
output among infant macaques. Animals were assigned nominal
independent variables according to rearing condition (MR or
PR), rh5-HTTLPR genotype (l�l or l�s), and sex (male or
female). To determine whether the between-subject factors
would interact differentially after acute exposures to separation
stress, testing condition was added as a within-subjects nominal
independent variable, and data were analyzed by using a mixed-
design ANOVA. Repeated-measures ANOVA demonstrated no
differences or differential interactions among the three mea-
sures obtained after stress (months 3, 4, and 5). These were,
therefore, collapsed into one ‘‘stress’’ measure. Because initial
analyses indicated that average basal ACTH and cortisol levels
differed between 2 and 6 months, these measures were entered
as independent testing conditions (Basal-1 and Basal-2, respec-
tively). The Komogorov–Smirnov Normality Test demonstrated
ACTH and cortisol levels to be normally distributed.

For testing the effects of the between subjects variables on
overall ACTH and cortisol output, areas under the curve with
respect to ground (AUCG) were calculated by using the formula

AUCG� �
i�1

n�1
�m �i�1� � mi�

2

with mi denoting the individual endocrine measurement and n
the total number of measurements (28). AUC were calculated
only in instances in which ACTH or cortisol measures were
available for every time point. Three-way ANOVA was then used
to determine effects of sex, rearing condition, and rh5-HTTLPR
genotype on AUCG for ACTH and cortisol.

The average identity by descent (IBD) for the 190 animals
included in the study was 1.29%. This indicates that two ran-
domly selected macaques would share only 1.29% of their genes
by descent (equivalent to a degree of relationship observed
between second cousins once removed and third cousins), thus
demonstrating that most pairs of individuals have a low degree
of relationship, approximating that observed in some human
populations of study (29). To further verify that our effects were
attributable to rh5-HTTLPR variation and not to general heri-
tability of stress responsivity, we also repeated our analyses using
a set of randomly selected biallelic genetic markers used for
genotyping in our colony. Three genes with variant allele fre-
quencies similar to the rh5-HTTLPR s allele were selected and,
as with analyses performed with rh5-HTTLPR, animals homozy-
gous for the rare allele were excluded. Because there were no
effects of the other markers tested, and because the IBD was
sufficiently low, standard statistical procedures were applied for
testing the interactions among rh5-HTTLPR, sex, and rearing
condition.

Genotype frequencies were distributed according to the Hardy
–Weinberg equilibrium (X2 � 0.76, df � 2, P � 0.68). Because
of the low frequency of the s allele in this colony, the number of
animals with the s�s genotype (n � 3) was insufficient to perform
three-way ANOVA. They were, therefore, excluded from all
analyses. Numbers of animals indicated in Table 1 reflect these
exclusions. In some instances, ACTH or cortisol values were not
obtained due to the difficulty of collecting samples from infants,
sample degradation, or inadequate sample volume. All analyses
were performed by using STATVIEW (SAS Institute, Cary, NC)
statistical software. The criterion for significance was set at P �
0.05.
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Results
Using a four-way mixed-design ANOVA, with rearing condition,
genotype, and sex as between-group factors and testing condi-
tion (basal vs. stressed) as the within group factor, we found
multiple main effects and interactions (Table 2). Because of the
interactive effect on levels of ACTH among between-subject
variables and testing condition, we performed follow-up
ANOVA during the three main phases of testing (Fig. 1). During
both basal samplings, PR animals had lower levels of ACTH than
did MR animals [Fig. 1B, 2 months, F(1�146) � 14.5, P � 0.0002;
Fisher’s probable least-squares difference (PLSD), P � 0.0001;
Fig. 1D, 6 months, F(1�148) � 6.4, P � 0.01; Fisher’s PLSD, P �
0.0006], whereas, for samples taken after acute stress, the effect
of rearing was absent. In response to stress, animals carrying the
s allele had higher levels of ACTH than did l�l animals [Fig. 1C,
F(1�154) � 14.3, P � 0.0002, Fisher’s PLSD, P � 0.003],
consistent with a role of rh5-HTTLPR variation in anxiety. In
addition, there were interactions between rearing condition and
genotype [Fig. 1C, F(1�154) � 4.7, P � 0.03] as well as among
rearing, genotype, and sex [Fig. 1C, F(1�154) � 5.2, P � 0.02].
Post hoc analyses using Fisher’s PLSD method demonstrated
that PR infants carrying the s allele had higher levels of ACTH
relative to PR l�l or MR infants (Fig. 1C, Fisher’s PLSD, P �
0.05). When sex was also considered, this effect was observed
exclusively among females (Fig. 1C), such that ACTH levels
among PR l�s females were higher than in PR l�l or MR females
(Fisher’s PLSD, P � 0.05). Among males, the interaction
between rearing and rh5-HTTLPR was not significant. Male
carriers of the s allele had higher levels of ACTH after acute
stress than did l�l males, independent of their rearing histories
(Fig. 1C, Fisher’s PLSD, P � 0.0013). Among PR l�s animals,
ACTH levels after acute stress were higher among females than
among males (Fisher’s PLSD, P � 0.05). There were no inter-

actions of either rearing or genotype with sex during the two
baseline measures (Fig. 1 B and D).

There were no interactive effects between any of the between-
subjects variables and testing condition on plasma levels of
cortisol (Table 2 and Fig. 2), and therefore follow-up ANOVA
was not performed. Overall, there were main effects of rh5-
HTTLPR genotype and rearing condition on cortisol levels and
an interaction among rearing, rh5-HTTLPR, and sex. Rearing
and rh5-HTTLPR genotype interacted to influence levels of
cortisol among females (Fig. 2 A; Fisher’s PLSD, P � 0.04) but
not among males. PR females carrying the rh5-HTTLPR s allele
exhibited lower cortisol levels overall.

Because animals were represented multiple times in the
dataset, the AUCG for samples taken at 2, 3, 4, 5, and 6 months
of age were calculated for both cortisol and ACTH, so that the
interactive effects on overall levels of ACTH and cortisol could
be determined. Data were analyzed by using three-way ANOVA,
with rearing, rh5-HTTLPR genotype, and sex as nominal inde-
pendent variables. Although there was no main effect of rearing
history on cumulative levels of ACTH, there was an effect of
rh5-HTTLPR genotype [F(1�126) � 10.5, P � 0.0015, Fisher’s
PLSD, P � 0.007] and both rearing � genotype [F(1�126) � 3.9,
P � 0.05] and rearing � genotype � sex [F(1�126) � 4.2, P �
0.04] interactions. Post hoc analyses using Fisher’s PLSD method
demonstrated significant differences between l�l and l�s males
(Fisher’s PLSD, P � 0.007). Males carrying the rh5-HTTLPR s
allele had higher AUCG for ACTH. In females, s allele-
associated increases in the AUCG for ACTH were observed only
among those reared in peer-only groups (Fisher’s PLSD,
P � 0.05).

We found that PR animals had lower cumulative levels of
cortisol than those reared with their mothers [F(1�160) � 4.7,
P � 0.03, Fisher’s PLSD, P � 0.01]. Neither rh5-HTTLPR
genotype nor sex influenced cumulative cortisol levels, but there
was a trend for an interaction among sex, rearing, and rh5-
HTTLPR [F(1�160) � 3.6, P � 0.06].

Discussion
Studies in rodents have demonstrated that targeted disruption of
the serotonin transporter gene produces increased ACTH, but
not cortisol, responses to immobilization stress (30). The present
study demonstrates an effect of naturally occurring rh5-
HTTLPR variation on ACTH, but not cortisol, response to stress
in infant macaques. Given the role of serotonin not only in
sensitivity to stress but also in feedback control and activation of
the HPA axis, a relationship between the low-functioning sero-
tonin transporter gene variant and increased pituitary release of
ACTH is not surprising. What is of particular interest, however,
is the finding that rh5-HTTLPR variation and early adversity
interact to influence this response. Our results are especially
intriguing in light of those from the study by Caspi et al. (2),
which indicate that, among human subjects, 5-HTTLPR mod-
erates the influence of childhood maltreatment on the likelihood
of later developing depression.

Although the genotype � rearing interaction demonstrated in
the present study supports the findings of Caspi et al. (2), this
report further suggests there may be increased vulnerability to
early adversity among females in the presence of serotonin
transporter gene promoter variation. Among males, there is a
significant association between rh5-HTTLPR genotype and lev-
els of ACTH in response to acute separation stress, indicating
that the s allele does confer increased vulnerability to challenge
among these subjects. Among females, however, the effect of the
s allele is observed only among those that also have a history of
early life stress in the form of maternal deprivation. Interactions
among genetic differences, experience, and sex have also been
noted in other species. In mice, HPA axis responses to repeated
restraint are different in females from different strains, whereas

Table 1. rh5-HTTLPR genotype count by sex and rearing
condition

Sex Rearing condition I�I I�s Total

Female MR 42 20 62
PR 21 7 28

Male MR 48 18 66
PR 28 6 34

Total 139 51 190

Table 2. Main effects and interactive effects among rh5-HTTLPR
genotype, rearing condition, and sex on HPA axis responses to
acute stress in infant rhesus macaques

Variables F P value Power

ACTH
Rearing 18.1 �0.0001 0.95
rh5-HTTLPR 5.3 0.02 0.63
Testing condition 243.6 �0.0001 1
Sex � rearing 3.7 0.05 0.48
Rearing � rh5-HTTLPR 4.5 0.04 0.55
Rearing � testing condition 4.2 0.02 0.74
rh5-HTTLPR � testing condition 7.8 0.0005 0.96
Sex � rearing � testing condition 3.4 0.04 0.63
Sex � rearing � rh5-HTTLPR �

testing condition
3.4 0.03 0.64

Cortisol
Rearing 4.0 0.05 0.5
rh5-HTTLPR 8.8 0.003 0.86
Testing condition 221.0 �0.0001 1
Sex � rearing � rh5-HTTLPR 5.0 0.03 0.6

12360 � www.pnas.org�cgi�doi�10.1073�pnas.0403763101 Barr et al.



in males there are no observable strain differences (31), and
serotonin transporter gene disruption produces differential al-
terations in serotonin receptor densities in male and female
brains (32). In adult Lewis rats, maternal deprivation during
infancy results in increased pain sensitivity in females but not
males. Interestingly, the direction of this effect is reversed in
Long Evans rats (i.e., females subjected to early life stress
demonstrate decreased nociception) (33, 34). In humans, certain
gene variants are associated with neuropsychiatric diseases and

anxiety-related intermediate phenotypes, but only among fe-
males (35, 36).

Consistent with findings from rodent studies, we demonstrated
that cortisol levels are lower in infant macaques exposed to early
adversity, a relationship particularly noticeable among l�s females
(Fig. 1A). It has been noted that among clinically depressed or
abused children, the morning rise in salivary cortisol levels is
blunted (37). However, a review of the literature addressing HPA
axis output anomalies in children subjected to maltreatment reveals

Fig. 1. Effects of rh5-HTTLPR genotype (l�l or l�s), rearing condition (MR or PR), and sex (male or female) on ACTH responses to acute stress in infant rhesus
macaques. (A) Values listed are mean plasma levels of ACTH in pg�ml 	 SEM determined at baseline (Stress –, 2 and 6 months) and after stress (Stress �, 3, 4,
and 5 months). (B–D) Shown are serum ACTH levels for Basal-1 (B), stress (C), and Basal-2 (D) testing conditions. During both baseline conditions, PR animals had
lower levels of ACTH. After stress, there were interactions between rearing and genotype and among rearing, genotype, and sex. (*, P � 0.05; **, P � 0.01; ***,
P � 0.005).

Fig. 2. Effects of rh5-HTTLPR genotype (l�l or l�s), rearing condition (MR or PR), and sex (male or female) on cortisol responses to acute stress in infant rhesus
macaques. (A) Values listed are mean plasma levels of cortisol in �g�dl 	 SEM determined at baseline (Stress –, 2 and 6 months) and after stress (Stress �, 3, 4,
and 5 months). (B–D) Shown are serum cortisol levels for Basal-1 (B), stress (C), and Basal-2 (D) testing conditions. There were main effects of rearing condition
and of rh5-HTTLPR genotype on cortisol. In addition, there was an interaction among sex, rearing condition, and rh5-HTTLPR, such that female PR l�s animals
had lower levels of cortisol.
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paradoxical findings (38). Such inconsistencies have been posited to
relate to experiential differences among subjects, and in particular,
to whether subjects have prior histories of abuse or whether the
abuse is ongoing at the time of testing (39). Our findings are in
support of such variability, because the effects of rearing history are
not observed in temporal proximity to a stressor. Instead, we
observe interactions between rearing history and both sex and
serotonin transporter gene promoter variation. It may be that
individual differences (i.e., sex or genetic differences) also underlie
the variability in the patterns observed among human populations
of study, and that these individual differences may influence
psychiatric disease progression and outcome.

High serum levels of ACTH and low levels of cortisol have
been associated with several neuropsychiatric disorders, in-
cluding chronic fatigue syndrome, posttraumatic stress disor-
der (PTSD), and atypical depression (40, 41). It has been
proposed that lower cortisol responses to stress may be a
predisposing factor in the development of PTSD, because low
levels of glucocorticoids may compromise extinction of con-
ditioned fear. Moreover, a diminished corticosteroid response
could leave the HPA axis in a hyperresponsive facilitated state
(42), making individuals more stress responsive. In this study,
PR l�s females exhibit both increased stress-induced release of
ACTH and decreased total cortisol levels. Of note, this pattern
of HPA axis output is consistent with findings in serotonin
transporter null mutant mice (43, 44), in which lower levels of
corticosterone in the presence of high levels of ACTH have
been proposed to relate in part to dysregulation of paracrine
factors controlling adrenocortical sensitivity to ACTH. The
ratio of ACTH to cortisol (ACTH:F) represents a crude index
of adrenal sensitivity, with a lower ratio denoting higher
sensitivity. In a set of follow-up analyses, we demonstrated that
the ACTH:F ratio after stress is higher among carriers of the
rh5-HTTLPR s allele, and that this effect is particularly
marked among PR l�s females (Fig. 3, which is published as
supporting information on the PNAS web site). Although the
high ACTH:F ratio is suggestive of decreased adrenal sensi-
tivity or reserve among these animals, whether other factors
(i.e., insufficient time for cortisol levels to peak after initiation
of the stressor, altered negative feedback control, induction of
other ACTH secretagogues, adjustments in corticosteroid-
binding globulin levels, or differential regulation of brain
corticosteroid hormone receptor levels) could also be attrib-
uted to this pattern of HPA axis output has not been tested.
Stress-related disorders in which low levels of circulating
corticosteroids are observed have been shown to be associated
with increased sensitivity to cortisol via increased glucocorti-
coid receptor (GR) efficiency and�or density (45). A relation-
ship among increased levels of GR expression in the brain, high
levels of ACTH, and low serum levels of cortisol has been
confirmed in rodents overexpressing GR (46). Of interest,
studies in our laboratory show that both PR and l�s macaques
exhibit increased brain levels of GR mRNA (unpublished
data), which would be expected to increase their response to
corticosteroids during stress. Whether sex also modulates this
effect, however, has yet to be tested.

There are several limitations to this study. First, when sex and
rearing conditions are taken into consideration, there are only
limited animals available in the PR l�s cells for each sex (males,

n � 6; females, n � 7). This might be expected to result in loss
of power, especially in light of the fact that this polymorphism
would not be expected to contribute to a large portion of the
variance in our data. Second, although the rh5-HTTLPR gene
variant is known to be functional, it is possible that our result is
due to the association of our phenotype with another gene
variant that is in linkage disequilibrium with the rh5-HTTLPR
locus. Finally, acute separation stress was used as a stressor
because of the known effects of separation in this highly social
species. The use of separation stress could be perceived as being
potentially limiting, in that social separation may represent a
different experience for MR than for PR animals. However,
studies in our laboratory have demonstrated neither appreciable
differences in social attachment between MR and PR animals
nor any modulatory effect of sex (unpublished data). Still, it may
be that sex modulates the effect of rearing in the presence of
rh5-HTTLPR variation.

Anxiety and mood disorders are complex heritable conditions
that are more common among women. Although individual
differences are thought to contribute to the vulnerability and
progression of stress-related neuropsychiatric disorders, envi-
ronmental factors are also considered important. In the present
report, we demonstrate that serotonin transporter gene variation
affects stress reactivity and that the influence of rh5-HTTLPR
on hormonal responses during stress is modulated by early
experience, especially among female infant macaques. Male
carriers of the rh5-HTTLPR allele, known to be weakly associ-
ated with anxiety in humans, are more responsive to acute stress
than are l�l males, but, unlike in females, the long-lasting effects
of early experience are absent. Among animals exposed to early
adversity, we observe increased responsivity to acute challenge
in l�s females relative to l�s males. On the other hand, the
buffering effect of maternal contact that is observed among l�s
females is absent among males. It has been posited that early
stress (and, therefore, HPA axis activity) can influence the
ongoing development of the HPA axis. It may be that early
sensitivity to stress contributes to the pathogenesis of neuropsy-
chiatric disease, such as depression, posttraumatic stress disorder
(PTSD), or anxiety disorders. If our findings were to generalize
to humans, then females with variation in the serotonin trans-
porter gene promoter who had experienced childhood trauma
(including parental loss or absence) might be especially predis-
posed to eventually developing alcoholism, depression, PTSD, or
other related disorders. And, in fact, studies from our laboratory
demonstrate there is an interactive effect between early rearing
and the rh5-HTTLPR s allele on alcohol preference and con-
sumption, but only among females (47). By learning more about
genetic and environmental factors that contribute to reactivity to
stress in non-human primates, we may be better able to identify
risk factors and design combination therapies for predicting,
treating, and ultimately preventing certain human neuropsychi-
atric disorders.
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