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Background: Decreased expression of brain-derived neurotrophic factor (BDNF) is implicated
in enhanced stress responses. The BDNF Val66Met polymorphism is associated with psycho-
logical changes; for example, carriers of the Met allele exhibit increased harm avoidance as
well as a higher prevalence of depression and anxiety disorder.

Methods: To analyze the effects of BDNF Val66Met on stress responses, we tested 226 uni-
versity students (88 women and 138 men) using a social stress procedure (Trier Social Stress
Test [TSST]) and an electrical stimulation stress test. Stress indices were derived from repeated
measurements of salivary oi-amylase, salivary cortisol, heart rate, and psychological testing dur-
ing the stress tests. All subjects were genotyped for the Val66Met polymorphism (G196A).
Results: A significant three-way interaction (time [3 levels] x BDNF [Val/Val, Val/Met, Met/
Met]; P<<0.05) was demonstrated that revealed different salivary cortisol responses in the TSST
but not in electrical stimulation. Met/Met women had stronger cortisol responses than Val/Met
and Val/Val individuals in the TSST. Met/Met men exhibited stronger salivary cortisol responses
than Val/Met and Val/Val individuals in the TSST.

Conclusion: These results indicate that a common, functionally significant polymorphism in
BDNF had different effects on hypothalamic—pituitary—adrenocortical axis reactivity but not
on sympathetic adrenomedullary reactivity in TSST and electrical stimulation tests.
Keywords: stress, brain-derived neurotrophic factor, cortisol, saliva

Introduction

Research on people’s reaction to high levels of stress has established that a
neuroendocrine marker plays an important role in this reaction.' The stress reaction
is mainly regulated by an axial system consisting of two neuroendocrine systems:
the hypothalamic—pituitary—adrenocortical (HPA) and sympathetic adrenomedullary
(SAM) systems. The role of the HPA axis activity in mediation of the stress response
has been investigated for decades. The HPA axis is a part of the complicated neuroen-
docrine mechanism involved in the regulation of bioactivity in response to a stimulus,
change in environment, or confrontation, and thus forms an important aspect of stress
responses. Cortisol is an essential hormone controlling the rule of a stress reaction.
Although serum cortisol is either in a free (active) or protein-bound (inactive) form,
salivary cortisol is found exclusively in the free form. The level of circulating free
cortisol in the saliva is used as an index of noninvasiveness and HPA axis activity.*
Salivary cortisol levels increase several times rapidly in the event of psychological
stress,’ as observed in events of physical stress such as firefighting® or cold pressor
stress.” A possible association between stress and the salivary a-amylase (sAA) level
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has recently received considerable attention; however, rig-
orous psychosocial studies of o-amylase responsiveness are
difficult because of the complexity of the system.

Secretion of salivary o-amylase is controlled by the
beta adrenergic receptor blockade,® and its levels are used
as a biomarker of psychosocial stress responses of the SAM
system.”!” SAA levels increase markedly in response to
high-stress tasks or procedures, such as parachute jumps,'
a stressful video game,'? or psychological stress observed
in students, such as that which occurs before an academic
test.!>!4 Past research has demonstrated the secretion of SAA
as a response to a psychosocial stress, using the Trier Social
Stress Test (TSST),'S'7 and sAA secretion is also seen in
individuals who underwent functional magnetic resonance
imaging examination after viewing pictures associated with
negative feelings,” and in individuals who were subjected to
dynamic video stress.'® Pharmacologic manipulation of the
SAM system underscores the reliability of SAA as a measure
of sympathetic activity. Stimulation of the SAM system by
the o, -adrenergic receptor antagonist yohimbine significantly
increases the levels of SAA."

Activation of the stress response by an experience that
is not fright, denial, or expectation activates a reaction from
the nervous system in addition to that from the continuous
neuroendocrine system. The SAM system operates through
catecholamine (noradrenaline and adrenaline) signals
and interacts with glucocorticoids from the HPA system;
the sympathetic nervous system has an important role in
homeostasis and stress responses.?’ The various roles of
glucocorticoids in stress reactivity and their interactions
with the associated neuroendocrine systems have been
investigated widely.?! Glucocorticoid activity stimulates
and deactivates stress responses. A study of the interactions
of the SAM and glucocorticoid-HPA systems would help
elucidate the mechanism of stress responses.” Some studies
suggest associations between responsiveness of the HPA
axis to TSST and the glucocorticoid receptor gene,* the
GABRAG gene,” and the p1-opioid receptor gene.** Although
some researchers have investigated stress responses to
pain,” % most studies have been conducted in patients with
psychiatric disorders including anxiety disorder, trauma, and
chronic sharp pain. It is not clear how the stressor associated
with pain interacts with these two stress response systems.
Furthermore, very few studies have compared the SAM and
HPA systems in the reaction to psychological and physical
stress.” Recently, the temporal pattern of sSAA and a sali-
vary cortisol stress response has been reported.?’ In 2012,
Campbell and Ehlert reported that differences between acute

physiological and emotional stress cannot be estimated by
means of pathological markers; however, these differences
could represent a normal reactivity pattern and/or be a result
of various methodological issues.*

Our research pertains to the role of brain-derived neu-
rotrophic factor (BDNF) in the regulation of the responses
of the HPA axis to social stress. BDNF, a member of the
neurotrophin growth factor family,*! has a pervasive influence
on central nervous system development, and later in life, it
is involved in neural survival and differentiation, and in the
plasticity of the central nervous system.*? Occurrence of stress
early in life alters the threshold of HPA reactivity in humans
and other animals; therefore, genes related to physiological
plasticity and to the protective effects of BDNF against stress-
induced neuronal damage are of considerable interest.”

BDNF, similar to other peptide growth factor genes,
encodes a precursor peptide (proBDNF) that is proteolytically
cleaved to produce the mature protein.** A single, frequent,
nonconservative polymorphism in the human BDNF gene
(dbSNP rs6265) is a known single-nucleotide polymorphism
(SNP) at nucleotide 196 (G/A), resulting in a valine-to-
methionine substitution at codon 66 (Val66Met). Several
studies have demonstrated the functional influence of the
Val66Met polymorphism on the BDNF expression level,
using brain imaging and transfection.’>*® Furthermore, in
human and animal models, Val66Met is associated with
stress-related aberrations, such as anxiety-related personal-
ity traits’” and depressive disorder.'®*® In addition, BDNF
Met allele carriers might be at risk of developing smaller
hippocampal volumes and might be susceptible to major
depressive disorder.* Patients with clinical depression car-
rying the Met allele (BDNF Val/Met and BDNF Met/Met)
are more likely to suffer from suicidal ideation and are more
likely to attempt suicide.*” With respect to exposure to high
levels of stress early in life, carriers of the Met allele were
found to have smaller hippocampal volumes and syndromal
depression, whereas Val/Val homozygotes showed no
effect on depression.*! BDNF Val/Met and BDNF Met/Met
individuals also respond better to antidepressant treatment
compared with BDNF Val/Val homozygotes.*>*

In line with its roles in maintaining neuronal integrity
and plasticity, BDNF may play a role in the etiology of
stress-related traits and disorders, such as depression and
anxiety.!** Because of the prevalence of the Val66Met poly-
morphism and its effect on the levels of the BDNF protein,
we are interested in its potential role in modulating salivary
cortisol and autonomic response in nonclinical subjects dur-
ing TSST and clinical stimulation stress tests.
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The target of this research was to investigate the response
of the two main neuroendocrine systems (HPA and SAM
axes) to two stressors in individuals with different BDNF
genotypes. To evaluate this response, we measured the sAA
levels and salivary cortisol responses to a psychosocial stress
task (TSST) and to physical stress (electrical stimulation) in
healthy volunteers. Stress reactivity differs between men and
women. Some studies in men and women have suggested
that the reactions to stress differ in individual evaluation
and memory inspection regarding an affective matter.*>*
van Stegeren et al*® have shown that men have a stronger
saliva cortisol response than women after exposure to stres-
sors.* However, only a few studies have demonstrated a
difference in sAA levels and the cortisol response between
men and women.!”*%! Therefore, we investigated the influ-
ences of sex on sAA, as well as on cortisol responses. We
tested 226 university students using the TSST and a physical
stress procedure. Stress indices were derived from repeated
measurements of sAA levels, salivary cortisol, heart rate,
and psychological testing during TSST and electrical stimu-
lation tests; all subjects were genotyped for the Val66Met
polymorphism (G196A in BDNF).

Materials and methods

Subjects

The study population consisted of healthy volunteers (n=235)
with no history of mental illness. None of the participants took
any medication during the tests. Exclusion criteria included
the use of tobacco, pregnancy, steroid medication within the
last 3 years, body mass index of 32 kg/m? or higher, mental
disorders, and physical diseases. All participants had Beck
Depression Inventory scores of 7 or lower and had no history
of depression. We excluded medical illness and other psychi-
atric disorders using the Mini International Neuropsychiatric
Interview. Three individuals did not respond to the question-
naire (two men and one woman), one individual did not match
the selection criteria (one woman; social anxiety disorder), 20
individuals refused to participate in the TSST and/or electric
stimulation tests (14 men and six women), one woman with-
drew because of acute abdominal pain during rest periods,
and eleven individuals were excluded for technical reasons.
The final study population included 226 people (88 women
and 138 men; average age, 24.9 years; range, 22—45 years).
All remaining participants underwent both tests (the electrical
stimulation stress test and the TSST [a 5-minute speech task
plus a 5S-minute mental arithmetic task]) at random. Partici-
pants included five physicians, seven clerks, and 214 students
of Oita University in Japan. Informed written consent was

obtained from all participants. The protocol of this study was
approved by the ethics committee of Oita University.

Procedures

All participants underwent both electrical stimulation and
TSST stress tests over the period of 1 week. To eliminate the
possibility of them becoming relaxed or accustomed to the
experimental environment, the participants were divided into
small groups, each consisting of four or five individuals. Each
group underwent electrical stimulation or TSST alternately
in the first experimental test. The second experimental test
was carried out 1 week after the first. The participants were
instructed to refrain from taking any medication 5 hours
before arrival and to refrain from brushing their teeth or eat-
ing at least 60 minutes before the tests. We measured saliva
cortisol levels and sAA three times (immediately before,
immediately after, and 20 minutes after the intervention) in
a manner consistent with previous reports.’>> In addition,
we examined the interaction of salivary cortisol levels and
sAA levels. To minimize the effects of circadian variation in
salivary cortisol and sAA, collection of saliva and exposure
to psychological and physical stress factors were conducted
between 1 pm and 4 pm.> To exclude the influence of thermal
stress, experiments were performed at a constant temperature
of 25°C£2°C.

During the experiment, the participants wore stimulator
coils connected to a stimulator on the wrist.?® This device
passed a current through the motor and sensory fibers of the
median nerve in the right wrist. Electric stimulation of thresh-
old stimulus level, defined as the strongest stimulation the
participants could withstand, was given for 40 seconds to each
subject. The strength of the electrical stimulation was between
2 and 55 mA, with its intensity varying between participants.
The participants were told that the electrical stimulation would
cause pain but that it would not cause damage or burn the skin.
Electrical stimulation of short duration reportedly causes no
physical damage.?® The differences in the strength of electrical
stimulation in different subjects may depend on the individual
differences in psychological factors related to depression and
anxiety disorders.*! The intensity of the stimulation was deter-
mined for each participant, as described earlier. Therefore, the
setting of our experiments, using this level of pain, is consistent
with ethical standards for studies with humans.

All participants entered the laboratory 30 minutes before
the experiment to minimize physical activity, prior stress, and
emotional variation. They filled fill out a questionnaire, and
some participants received a stress test.* The TSST was com-
posed of a 3-minute preparation period, a 5S-minute speech task
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(patients were asked to describe their personal characteristics),
and a 5S-minute mental arithmetic task in front of interviewers.
After the stress task, participants stayed in the laboratory for
20 minutes for sample collection during recovery.

Sampling and biochemical analysis

The sAA levels were measured using a dry chemistry system
(Nipro Inc., Osaka, Japan) according to the manufacturer’s pro-
tocol. This method, using a handheld monitor, enables measure-
ments to be made easily and quickly.>® The handheld device is
composed of a monitor and disposable test strip.>**! This method
of analyzing the sAA level has been evaluated objectively.’*’
Saliva was sampled by placing the test strip under the tongue
for 30 seconds.*® Thereafter, the strip was immediately placed
in a saliva automatic transfer system and the saliva was moved
to the oi-amylase test paper on the reverse side of the strip by
means of a compression sleeve. The o-amylase test paper
consists of a substrate containing 2-chloro-4-nitrophenyl-4-O-
b-D-galactopyranosylmaltoside, which leads to an enzymatic
reaction. The free 2-chloro-4-nitrophenol levels were measured
optically after 20 seconds. One unit of o-amylase activity was
defined as that which reduced a sugar equivalent to 1 mmol/
minute of maltose. The concentration of salivary cortisol was
analyzed using an enzyme-linked immunosorbent assay, which
had intraassay and interassay coefficients of 3% and 10%,
respectively. We stored samples at —20°C until analysis.

We administered the State and Trait versions of the
Spielberger Anxiety Inventory (STAI-S and STAI-T,
respectively)* to participants before performing the electrical
stimulation and TSST protocols. We also administered the
Profile of Mood States (POMS);* the Neuroticism, Extraver-
sion, and Openness (NEO) Personality Inventory Revised
(NEO-PI-R);** and the Temperament and Character Inventory
(TCI) tests to participants before performing the electrical
stimulation and TSST protocols.®! Finally, we also examined
the high-frequency (HF) and low-frequency (LF) heart rate

variability, and LF/HF ratio, immediately after electrical
stimulation and TSST by means of an APG Heart-Rater SA
3000P (Tokyo Iken Co., Ltd., Japan).

DNA extraction and genotyping

DNA was extracted from blood samples using a DNA
Extractor SP Kit (WAKO, Osaka, Japan). SNP (rs6265, A/G;
Val/Met) was measured using TagMan® polymerase chain
reaction (PCR) SNP genotyping assays on a Roche LightCy-
cler480 (Basel, Switzerland). Ten microliter PCR reactions
were performed with 2 ng genomic DNA, using TagMan®
single nucleotide polymorphism genotyping assays (Applied
Biosystems, Foster City, CA, USA) including the Universal
PCR master mix, according to standard protocols.

Statistical analysis

We separated all analyses by sex and adjusted for age. The
data were presented as mean + standard deviation. We ana-
lyzed the data using the SPSS statistical package, version 19
(SPSS Inc., IL, USA). The y? test and ¢-test were used for
the descriptive characteristics. A two-way analysis of vari-
ance, followed by the Bonferroni post hoc comparison test,
was used to compare sAA and cortisol responses. P-values
<0.05 were considered statistically significant.

Results

Sociodemographics and clinical
characteristics of the three BDNF
genotypes

The sociodemographics and clinical characteristics of the
three BDNF genotypes are shown in Table 1. The three
groups did not differ by sex, age, or current smoker status.

Self-reported measures of stress
There were no significant differences among the Val/Val,
Val/Met, and Met/Met groups for the following variables:

Table | Sociodemographic data, BDI, and STAI scores for the three BDNF genotype groups

Characteristic Val/Val (n=46) Val/Met (n=85) Met/Met (n=97) For x* P
Age, years + standard deviation 247+2.8 25.5+4.9 24.9+3.5 | 0.37
Sex, male/female 21725 56/29 51/46 5.83 0.054
Current smoker, n 3 5 | 3.82 0.148
Beck Depression Inventory (BDI) 3.27+5.01 3.62+5.35 3.31+4.16 0.11 0.89
STAI (TSST)

Trait 48.33+11.10 47.4618.74 47.25£9.01 1.23 0.33

State 49.98+10.85 48.62+9.36 48.30+8.82 1.03 0.36
STAI (electrical stimulation)

Trait 48.33%11.22 47.45+8.74 47.0619.01 1.79 0.17

State 50.18+10.89 48.79+9.39 48.14+8.83 1.80 0.17

Notes: Data represent mean * standard deviation unless otherwise noted. F ratios from one-way analyses of variance followed by Bonferroni post hoc comparisons.
Abbreviations: BDNF, brain-derived neurotrophic factor; STAI, Spielberger Anxiety Inventory; TSST, Trier Social Stress Test.
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Table 2 POMS scores for the three BDNF genotype groups

Val/Val (n=46) Val/Met (n=85) Met/Met (n=97) F P
POMS (TSST)
T-A 48.33z11.10 47.4618.74 47.25+9.01
D 49.98+10.85 48.6219.36 48.30+8.82
A-H 48.041£9.90 47.0319.23 45.59+8.50 Val/Val > Val/Met 0.04
Val/Val > Met/Met
50.70+10.95 53.76x11.12 51.36x10.72 Val/Val < Val/Met 0.00
F 50.67+10.89 48.2119.85 47.3418.09 Val/Val > Val/Met 0.00
Val/Val > Met/Met 0.00
C 48.09£10.15 47.64+10.69 47.9319.22
POMS (electrical stimulation)
T-A 48.33+11.22 47.45+8.74 47.0619.01
D 50.18+10.89 48.79+9.39 48.1418.83 Val/Val > Met/Met 0.0l
A-H 48.02£10.01 47.09+9.24 45.37+8.40 Val/Val > Val/Met 0.0l
Val/Val > Met/Met 0.00
\ 50.36+10.83 53.74£11.13 51.55£10.88 Val/Val < Val/Met 0.00
Val/Met > Met/Met 0.00
F 50.76x11.00 48.25+9.84 47.2848.13 Val/Val > Val/Met 0.00
Val/Val > Met/Met 0.00
C 48.31£10.15 47.79£10.70 47.99+9.27

Note: Data represent mean +/— standard deviation unless otherwise noted.

Abbreviations: BDNF, brain-derived neurotrophic factor; POMS, Profile of Mood States; TSST, Trier Social Stress Test; T-A, tension-anxiety; D, depression-dejection; A-H,

anger-hostility; V, vigor; F, fatigue; C, confusion.

Beck Depression Inventory scores (F=0.11, P=0.89, df=1),
STAI-T score before TSST (F=1.23, P=0.33, df<=1) STAI-T
score before electrical stimulation (F=1.03, P=0.36, df=1),
STAI-S scores before TSST (F=1.79, P=0.17, df=1), and
STAI-S scores before electrical stimulation (F=1.80, P=0.17,
df=1) (Table 1).

With respect to the POMS test, levels of tension-anxiety
and fatigue before TSST in the Val/Val group were signifi-
cantly higher than those in the Val/Met and Met/Met groups
(Table 2). Levels of vigor before TSST in the Val/Val were
significantly lower than those in the Val/Met group. Levels

of depression-dejection before electrical stimulation in the
Val/Val group were significantly higher than those in the
Val/Met and Met/Met groups. Levels of tension-anxiety and
fatigue before electrical stimulation in the Val/Val group
were significantly higher than those in Val/Met and Met/Met
groups. Levels of vigor before electrical stimulation in the
Val/Val and Met/Met groups were significantly lower than
those in the Val/Met group.

There were no significant differences in NEO-PI-R and
TCI among the Val/Val, Val/Met, and Met/Met groups
(Table 3).

Table 3 NEO-PI-R and TClI scores for the three BDNF genotype groups

Characteristic Val/Val (n=46) Val/Met (n=85) Met/Met (n=97) F P

NEO-PI-R
Neuroticism 53.26+10.92 53.91+11.48 53.62+12.17 0.08 0.92
Extraversion 46.06%11.58 44.85+11.97 43.24+1231 1.57 0.21
Openness 52.62+8.73 53.34+8.49 53.02+9.34 0.18 0.84
Agreeableness 47.95£10.51 47.59£10.59 47.68+11.57 0.03 0.97
Conscientiousness 39.95+12.17 40.60+12.42 39.45+10.38 0.38 0.69

TCl
Novelty seeking 53.26+10.92 53.91+11.48 53.62+12.17 0.54 0.58
Harm avoidance 46.06+11.58 44.85%11.97 43.24+12.31 0.45 0.64
Reward dependence 52.6248.73 53.3448.49 53.0249.34 0.06 0.94
Persistence 47.95+10.51 47.59+10.59 47.68+11.57 1.34 0.26
Self-directedness 39.95+12.17 40.60+12.42 39.45+10.38 0.14 0.87
Cooperativeness 53.26+10.92 53.91%11.48 53.62+12.17 0.0l 0.99
Self-transcendence 46.06x11.58 44.85t11.97 43.24+12.31 0.05 0.95

Note: Data represent mean * standard deviation unless otherwise noted.

Abbreviations: BDNF, brain-derived neurotrophic factor; NEO-PI-R, Neuroticism, Extraversion, and Openness Personality Inventory Revised; TCl, Temperament and

Character Inventory.
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Table 4 Effects of BDNF genotype on heart rate variability

Test Val/Val (n=47) Val/Met (n=108) Met/Met (n=56) F P Post hoc
TSST
Low-frequency power, ms?/Hz 60.10£16.83 59.18£17.00 51.44£17.91 428 0.02 Val/Val > Val/Met ~ Met/Met
High-frequency power, ms*/Hz 48.56t17.91 40.82+17.00 39.90+16.83 4.52 0.0l Val/Val > Val/Met ~ Met/Met
Low-frequency ratio, ms*/Hz 1.41£1.05 2.04+1.80 2.2242.26 322 0.04 Val/Val < Met/Met
Electrical stimulation
Low-frequency power, ms’/Hz 50.94+17.91 52.04%19.10 51.78£18.64 0.01 091
High-frequency power, ms*/Hz 49.06£17.91 47.96£19.10 47.99+18.97 035 0.90
Low-frequency ratio, ms*/Hz 1.47+1.38 1.81+3.34 1.67+2.09 049 0.6l

Abbreviations: BDNF, brain-derived neurotrophic factor; TSST, Trier Social Stress Test.

Heart rate variability

LF and HF power in the Val/Met and Met/Met groups
were significantly less than in the Val/Val group in the
TSST (F=4.28, P=0.02, df=1; and F=4.52, P=0.01, df=1,
respectively; Table 4). LF/HF in the Met/Met group was
significantly greater than that in Val/Val group in the TSST
(F=3.22, P=0.04, df=1). There were no differences in the
power of LF or HF or in the LF/HF ratio among the Val/Val,
Val/Met, and Met/Met groups in the electrical stimulation
stress test (F=0.01, P=0.91, df=1; F=0.35, P=0.90, df=1; and
F=0.49, P=0.61, df=1, respectively).

TSST

No differences were observed in the SAA responses between
women and men among the Val/Val, Val/Met, and Met/
Met groups in the TSST (F' 2.263=0-37, P=0.69 [Figure 1A];
F, 419p=0-10, P=0.91 [Figure 1B], respectively). Women in
the Met/Met group had a stronger trend of salivary cortisol
responses than those in the Val/Met and Val/Val groups in
the TSST (F(2’263):2.39, P=0.09 [Figure 2A]) and men in the

Met/Met group had significantly stronger salivary cortisol
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Figure | In the Trier Social Stress Test, there were no differences in female salivary o-amylase responses among the Val/Val, Val/Met, and Met/Met groups (F,

responses than those in the Val/Met and Val/Val groups
(F(2‘413):3.19, P=0.04 [Figure 2B]).

Electrical stimulation
No differences were observed in SAA responses in women
(F, 404=1.62; P=0.20 [Figure 3A]) and men (F|,,, =0.13;
P=0.88 [Figure 3B]) among the Val/Val, Val/Met, and
Met/Met groups during electrical stimulation. Likewise,
no differences were observed in salivary cortisol responses
2377)=0.6 1; P=0.54 [Figure 4A]) and men
(F (2.534=0-03; P=0.97 [Figure 4B]) among the Val/Val, Val/

Met, and Met/Met groups after electrical stimulation.

between women (F' A

Discussion

Our results agree with the findings of a small number
of studies that indicate that the HPA axis response to
laboratory-induced social stress is modulated by common
polymorphisms.**3'6? In addition, we report that the BDNF
Val66Met polymorphism has almost the same effects on
salivary cortisol in women and men. The women and men
in the Met/Met group showed significantly stronger salivary
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=0.37;

(2.263)

P=0.69) (A). Similarly, there were no differences in male salivary o-amylase responses in the Trier Social Stress Test among the Val/Val, Val/Met, and Met/Met groups

(Fy 15=0-10; P=091) (B).

Abbreviations: min, minute; stim, stimulation.
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Figure 2 In the Trier Social Stress Test, female Met/Met individuals have a stronger salivary cortisol response than Val/Met and Val/Val individuals (F
(A). Male Met/Met individuals showed stronger salivary cortisol responses than Val/Met and Val/Val individuals in the Trier Social Stress Test (F

*#*Pp<0.01.
Abbreviations: min, minute; stim, stimulation.

cortisol responses in the TSST than those in the Val/Met and
Val/Val groups.

Bryant et al reported that increased salivary cortisol
response after the stressor challenge suggested intrusive
memories of emotional stimuli in men, but not in women.*
Shalev et al reported a stronger cortisol response to TSST in
men than women.* In men, Val/Val homozygotes showed
a larger increase in salivary cortisol than Val/Met heterozy-
gotes. In women, a tendency toward the lowest rise for the
contrary response was observed in the Val/Val homozygotes.
Alexander et al reported that carriers of the Met allele showed
a significantly attenuated HPA axis and cardiovascular reac-
tivity to psychosocial stressors compared with individuals
with the Val/Val genotype.® In other words, the weak cortisol
response in women tended to obscure the differences as a

B
0.5
)
S 044
()] *k
=1 i :
S 0.3 p——8
2 *x SFe
£ o A8
O 0.2 ! A -
g —— Met/Met
S 0-17 —@— Met/Val
—A— Val/Val
Basal After stim 20 min

0 2657239 P=0.09)
=3.19; P=0.04) (B).

(2. 413)

result of the allele, and the stronger cortisol response in men
revealed the differences of the alleles.

This is a contradictory outcome because sex-based differ-
ences in psychiatry point to the higher incidence of mood and
anxiety disorders in women. However, numerous epidemio-
logical studies show that the number of men is about twice
that of women for individual disorders.* There is an exact
sex X genotype effect interaction between BDNF Val66Met
polymorphism and environmental stress on depression.®”¢
Shalev et al* reported there is a conflict between high anxiety
and low cortisol response in the TSST in men and between
the low and high cortisol response in the TSST anxiety in
women. Analysis of genetic data might explain that sex-based
differences induce stress-related cortisol responses. These
workers reported that salivary cortisol showed a greater
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Figure 3 In the electrical stimulation stress test, there were no differences in female salivary o-amylase responses among the Val/Val, Val/Met, and Met/Met groups (F(H‘M): 1.62;
P=0.20) (A). Similarly, there were no differences in male salivary ci-amylase responses among the Val/Val, Val/Met, and Met/Met groups (F(z' 70‘):0.I3; P=0.88) (B).
Abbreviations: min, minute; stim, stimulation.
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(2.377)

response in TSST in men than in women. The salivary corti-
sol response in the TSST was greater in BDNF Val/Val men
than in BDNF Val/Met men. Conversely, the salivary cortisol
response in the TSST in BDNF Val/Val women was lower
than in BDNF Val/Met women. The results of this study do
not agree with our results: salivary cortisol response was
higher than in BDNF Met/Met than in Met/Val or Val/Val
individuals. The two studies used almost the same methods
(sample size, age, TSST protocol, and salivary amylase
analysis). The ethnic variation in participants may have led
to different results. These studies suggest genetics may lead
to contradictory responses regarding sex-based differences
in psychological stress responses.

The BDNF Val66Met polymorphism alters the intracel-
lular packaging of proBDNF and reduces the activity-depen-
dent secretion of mature BDNF in primary cortical neurons.®
Some studies on psychiatric disorders reported the Met allele
was associated with reduced BDNF levels,”®”! whereas other
studies in healthy individuals showed increased BDNF levels
in Met-allele carriers.”>” These studies suggest the asso-
ciation between the Val/Met polymorphism and the BDNF
secretion may differ between patients and controls.

We demonstrated here that there are no significant differ-
ences in STAI traits among Val/Val, Val/Met, and Met/Met
subjects before TSST and electrical stimulation. This result
is consistent with reports that BDNF Val66Met showed no
significant association with STAI-T scores.” In contrast,
Lang et al*” observed that genotype had a significant effect of
the phenotype, with higher levels of trait anxiety in Val/Val
compared with Val/Met and Met/Met subjects, as observed
in the trait-related anxiety score in STAL? Trait anxiety in

=0.61; P=0.54) (A). Similarly, there were no differences in male salivary cortisol responses among the Val/Val, Val/Met, and Met/Met groups (F

-0.03; P=0.97) (B).

(2, 584)

the STAI may not only develop into pure anxiety but also
include factors that reveal depression and other negative
consequences.” Our results do not show differences in the
Beck Depression Inventory scores among the Val/Val, Val/
Met, and Met/Met genotypes. Another study on undergradu-
ate university students from various fields reported that the
BDNF Val66Met polymorphism showed no significant asso-
ciation with STAI-T scores, using undergraduate students
from all fields of study at a university.”

Our results show that the levels of depression-dejection in
POMS before electrical stimulation were significantly higher
in Val/Val individuals than Met/Met individuals. Levels of
vigor in POMS before TSST or electrical stimulation were
significantly lower in Val/Val individuals than in Met-allele
carriers. We also show that the levels of tension-anxiety and
fatigue in POMS before TSST or electrical stimulation are
significantly higher in Val/Val individuals than in Met car-
riers. These results suggest that individuals with the Val/Val
genotype have more anxiety and fatigue, and less vigor.

Our data show there are no significant differences in neu-
roticism, extraversion, openness, agreeableness, and consci-
entiousness of NEO-PI-R among the Val/Val, Val/Met, and
Met/Met genotypes before TSST and electrical stimulation.
These results are consistent with the report by Sen et al,”
although the association between the BDNF Val66Met
polymorphism and neuroticism that was demonstrated in that
study was not replicated in the present study. Aside from a
study showing an association between BDNF Val66Met and
neuroticism, no major studies reported such an association,*’
although Itoh et al reported a significant association between
extraversion and the BDNF Val66Met genotype.®! However,
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the present results are consistent with the findings of earlier
studies,”®’®7 with the exception of a study by Terracciano
et al.” Recently, De Beaumont et al reported that carriers
of the BDNF Met allele were significantly less extraverted
(and thus more introverted) than BDNF Val homozygotes.”
Further research is required with larger sample sizes to
resolve these discrepancies.

We demonstrated here that there are no significant
differences in novelty seeking, harm avoidance, reward
dependence, persistence, self-directedness, cooperativeness,
and self-transcendence of TCI among the Val/Val, Val/
Met, and Met/Met genotypes before TSST and electrical
stimulation. Tochigi et al reported that the BDNF Val66Met
polymorphism might be associated with personality traits of
reward dependence of TCI in female, but not male, healthy
individuals.® In contrast, other authors reported no significant
differences in TCI scores among Val/Val, Val/Met, and Met/
Met genotypes.®!8 In addition, Minelli et al reported that a
significant correlation exists between high scores of harm
avoidance of TCI and low serum BDNF levels.®* Further
studies with larger sample sizes are required to determine
the influence of the BDNF Val66Met polymorphism and
BDNF protein levels on the psychological responses to
stressful life events.

Our results show that in TSST, the HF power of heart
rate variability is significantly less in Met/Met than in Val/
Val individuals, whereas the ratio of LF/HF power is signifi-
cantly greater in Met/Met than in Val/Val individuals. Yang
et al reported that decreased HF power and increased LF/HF
ratio are observed in individuals with the Met/Met genotype
compared with individuals with the Val/Val genotype.®
These findings suggest an altered sympathovagal balance
with reduced parasympathetic modulation and possibly
increased sympathetic activity. This suggests the require-
ment of further investigations into the relationship between
the BDNF-associated autonomic nervous system imbalance
and the incidence of anxiety disorders and cardiovascular
diseases.

Our study has some limitations. First, the number of
healthy control subjects was relatively small; we are planning
a larger study. Second, the number of hormonal assessments
was limited, and therefore we must increase the number of
hormonal responses tested. Third, we did not examine the
serum BDNF levels. Fourth, we set the period before occur-
rence of the stress as the baseline; sAA and salivary cortisol
levels may have been influenced by the length of stay in the
hospital. Fifth, although the BDNF Val66Met polymorphism
has been reported to impair intracellular trafficking and

activity-dependent secretion of BDNF,* the difference in the
serum BDNF levels among the Val/Val, Val/Met, and Met/
Met groups is controversial. Importantly, whether the serum
BDNF levels in response to psychological stress, such as
TSST and the electrical stress test, are affected by the BDNF
Val66Met polymorphism is unknown. Therefore, serum
BDNF levels should be measured before and after the stress
test in Val/Val, Val/Met, and Met/Met groups to determine
their association with BDNF Val66Met polymorphism.

In conclusion, these preliminary results show an associa-
tion between genes, hormonal responses, and personality
and suggest that in the TSST, Met/Met individuals have a
significantly stronger salivary cortisol response, but not sAA
response, compared with Val/Met and Val/Val individuals.
Thus, the relationship between salivary cortisol and stress
may be affected by the significant biological variant of
BDNF, the G196A SNP (Val66Met).
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