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While the clinical and immunologic efficacy of sublingual immuno-
therapy (SLIT) in allergic diseases has been extensively demonstrated,
some patients display a poor clinical response, Psychological stress has
been shown to play a role in atopy and also to affect response to im-
munomodulating therapies such as vaccination with microbial antigens.
This study addresses the possibility of response to SLIT being affected by
psychological stress. Forty children with mild asthma caused by allergy
o Dermatophagoides pteronyssinus and farinae were subjected to SLIT
and then divided after 6 months into two groups based on the results of
the stress integrated measure (SIM) test: group 1 (24 stressed patients,
mean SIM value of 60.1) and group 2 (16 non-stressed patients, mean
SIM value of 7.6). There was also a higher prevalence of psychosocial
stressing factors (divorced/absent parents, low income households, non-
working parents) among stressed patients. The symptom score, peak
expiratory flow (PEF), forced expiratory volume in ! s (FEV,) and serum
eosinophie cationic protein (ECP) concentration were evaluated at both
times. The serum concentration of neurcendocrine parameters [prolac-
tin, cortisol, adrenocorticotropic hormone (ACTH)] was also measuréd
after 6 months of therapy. While all the clinical parameters and ECP
concentration improved after SLIT, symptom score, PEF and ECP
showed a significantly greater improvement in non-stressed patients. The
concentration of neuroendocrine parameters was significantly increased
in stressed patients. Our findings show that psychological stress can affect
response to SLIT also in allergic subjects and are consistent with data
recently reported showing a correlation between stress and poor response
to antimicrobial vaccines. Our data also suggest that stress evaluation
may become a useful prognostic factor in immunotherapy.

Atopic disorders are characterized by a T cell
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(Th)2-driven response that causes the involve-
ment of many cell types, such as eosinophils and
mast cells, as well as various soluble mediators,
including cytokines, chemokines and neuropep-
tides. Disease progression can, however, be
influenced by various host and environmental
factors. The mechanisms linking psychological

stress, personality and emotion to disease expres-
sion have been studied in recent years and it is
now evident that the dysregulation of homeo-
static neural, endocrine and immunologic path-
ways may play a role in the clinical expression of
allergic diseases (1-3). It has been demonstrated
that stressful events can contribute to the exa-
cerbation of asthma in subjects with existing
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illnesses (4, 5). Sandberg et al. have also shown
that children subjected to stressful events are at
significantly greater risk of acute exacerbation
during the subsequent 6-wk period (6).

In addition, it has been recently observed that
the impact of stress on the immune system can
also affect vaccine response (7). Chronic stress
may inhibit the stability of the IgG antibody
responses to a bacterial vaccine or perhaps affect
the number of IgG-producing B lymphocytes.
The differences found in responses to Hep-B
vaccine, influenza virus vaccine, and Streprococ-
cus pneumoniae vaccine provide reliable evidence
of how stress can alter both the cellular and
humoral immune responses to novel pathogens
and vaccines (8).

Stress-induced activation of the hypothalamic-
pituitary-adrenal (HPA) axis induces increased
cortisol levels. Cortisol has been shown to shift T
cells toward a Th2 phenotype in vitro (9) and in
vive (10), and a relationship has been demon-
strated between stress-induced cortisol and in-
creased IgE production (11). Attention has also
been focused on the role of nervous system in
increasing inflammation (neurophlogosis or neu-
rogenic inflammation). Receptors for hormones
and neuropeptides are expressed on the surface
of lymphocytes, and these cells expresses mRNA
for adrenocarticotropic hormone (ACTH), pro-
lactin, thyroid stimulating hormone (TSH) and
growth hormone (GH) (12).

The clinical efficacy of sublingual immuno-
therapy (SLIT) for allergic diseases has been
demonstrated. In addition, we previously showed
that SLIT has an immunomodulatory effect on
the Th1-Th2 balance (13). It is, however, not
clear why some people respond poorly to specific
immunotherapy. The aim of this study is to
address the possibility of psychological stress
disturbing the response to SLIT and thus affect-
ing both the clinical outcome and the immuno-
logic and neuroendocrine parameters.

Materials and methods
Patients

A group of 40 children and young adolescents
allergic to Dermatophagoides pteronyssinus and
farinae with a history of mild/moderate asthma, a
positive skin prick test with a wheal diameter
> 5 mm to house-dust mites (HDM) (Lofarma,
Italy), and specific IgE to HDM at least of class 3
(RAST method, Pharmacia, Uppsala, Sweden)
were selected. Only patients witha FEV, > 70% of
predicted value was included. Methacoline inha-
lation tests were performed to determine airway
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responsiveness in accordance with the method
described by Cockcroft and Hargreave (14).
Patients with a positive skin test to other inhalant
allergens, a clinical history of other allergies, such
as seasonal asthma caused by pollens, a history of
specific immunotherapy (SIT) in previous years,
or severe asthma were excluded. The inclusion and
exclusion criteria are detailed in Table 1.

Sublingual swallow therapy (SLIT) was admin-
istered to all patients subsequent to a é-month
period of observation in order to assess the
symptom score before therapy according to the
scale described by Tarietal. (15). The FEV, (% of
predicted value), PEF and metacholine respon-
siveness of all patients were measured before
therapy. During the study, patients were allowed
to take other drugs for the relief of symptoms, if
needed, for not more than seven consecutive days:
inhaled steroids (200 ug/puff, 2-4 puffs) and
inhaled salbutamol (250 ug/puff, 1-3 pufls) on
demand. Patients were asked to record daily
symptom scores in diary cards on the same scale
used before beginning immunotherapy.

After 6 months of treatment all patients were
subjected to clinical re-evaluation, all diary cards
were evaluated, and FEV, and PEF were meas-
ured. At this time, all patients were also subjected
to evaluation of psychological stress. The physi-
cians performing the clinical evaluation were not
aware of the results of the stress evaluation.

Clinical protocol

The immunotherapy consisted of drops of mono-
meric allergoid D. pteronyssinius and D. farinae

Tanke 1. Inclusion and exclusion critaris
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" (LAIS, Laboratorio Farmaceutico Lofarma,

Milan, Italy). The allergen was modified through
reaction with potassium cyanate at neutral pH to
substitute s-amino groups of lysine residues and
thus substantially lower its capacity to react with
IgE, as measured by radio-allergosorbent-test
inhibition (16). While about 84% of the s-amino
groups were substituted, the molecular dimen-
sions of the carboxylated allergen assessed by
means of sodium dodecylsulphate—polyacryla-
mide gel electrophoresis remained unchanged.
The immunotherapy preparation was titrated in
allergenic units (AU) and standardized by radio-
allergosorbent test inhibition compared with an
in-house reference titration. The content of
major allergens could not be detected because
of the loss of activity because of the chemical
treatment (16)..

The drops were placed in the patient's oral
cavity, under the tongue, and retained for 1—
2min before swallowing. The build-up phase
involved the administration of increasing doses
of the allergen (25, 50, 75, 100, 150, 300, 450, 600
and 900 AU). Each dose was taken for three
consecutive days. Patients received 900 AU twice
a week in the mainstream phase, and the main-
tenance dose was administered until the end of
the trial.

Evaluation of psychological stress

Evaluation of psychological stress was performed
after 6 months of SLIT using the Italian version
(17) of the Mesure du Stress Psychologique
(MSP) test for perceived stress (18). This test,
designed by Lemyre and Tessier, involves a 49-
item questionnaire based on different perceived
aspects regarding the patient’s state (cognitive,
physiological and behavioural aspects). The
patient indicates intensity for each item on a
scale of 14 and the values are then added to give
his or her total score. The total scores thus
obtained are set out in tables showing the key
data in the form of centiles and points specifically
registered for males and females, Convergence
validity was established with classical depressive
and anxiety scales, In addition, concomitant
validity with immunity was shown in a double
before-after design of school stress and holidays
by means of salivary immunoglobulin concen-
tration (18). The test was designed for use with
normal populations, not psychiatric patients, and
proves useful in evaluating perceived stress in
clinical trials as well as the persistence of stress
over time,

The stress integrated measure (SIM) values are
obtained by means of mathematical algorithms

Stress and response to SLIT

that combine the MSP scores with other param-
eters such as patient's posture, movements and
voice, physiological variables (respiration, skin
conductance, neuromuscular excitability) and
Spielberger’s state-trait anxiety inventory (STAI)
scale (19). This is divided into two 20-item
sections, with each section used respectively to
evaluate anxiety as a transitory state or as a
comparatively habitual trait of personality. The
SIM values obtained express a functional confi-
guration for each patient on a scale of 0-100,
with 100 indicating maximum stress.

The frequency of psychosocial stressing factors
(divorced/absent parents, low-income house-
holds and non-working parents) among the two
groups was also evaluated. Stress evaluation at
baseline was not performed so as to avoid the
possible influence of the results on the perception
of symptoms by the patients or their parents in
the diary cards, thus affecting the symptom
scores. The evaluation was performed in a blind
fashion, as well as the clinical evaluation. The
physicians were not aware of the clinical status of
the patients.

Blood samples

At bascline and after 6 months of SLIT, blood
samples were taken from each fasting patient at
the same time (8.30 AM) so as to avoid physio-
logical circadian variations. The serum concen-
tration of ECP was cvaluated at both times,
while concentration of PRL, cortisol and ACTH
was determined after 6 months of immuno-
therapy.

Serum concentrations were measured by

‘means of chemiluminescence for PRL and cort-

isol, immunoradiometric assay (IRMA) for
ACTH, and enzyme-linked immunosorbent as-
say (ELISA) for ECP. Each serum was aliquoted
in three samples. The ECP assay was carried out
on fresh sera while the other sera were stored at
~80°C. The standardized assays used were pur-
chased from different sources: Pharmacia (Upp-
sala, Sweden) for ECP (measuring range 2-
200 ng/ml), Roche for cortisol (sensitivity
0.50 pg/dl), Boehringer Mannheim (Germany)
for PRL (sensitivity 0.47 ng/ml), and IDS Ltd.
(UK) for ACTH (sensitivity 0.55 pg/ml). All the
assays were carried out in accordance with the
manufacturer’s instructions,

Statistical analysis

Due to the small sample size, all the data were
evaluated for statistical significance by means of
nonparametric tests. The Wilcoxon test was used
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to compare symptom score, PEF and FEV,
within each group and the Mann-Whitney test to
compare all the measured parameters (symptom
score, PEF, FEV, and concentrations of PRL,
cortisol, ACTH and ECP) between the two
groups. Bonferroni's correction was used for
multiple analyses.

The correlation between SIM values and the
percentage reduction of symptom score were also
examined, both for all patients and for each
group, as was the correlation between SIM
values and each evaluated laboratory parameter.

Finally, the frequency of patients with a
symptom score () between the two groups was
compared by means of the chi-squared test. The
chi-squared test was also used in the evaluation
of the frequency of psychosocial stressing factors.
Statistical significance was attributed to p-values
<0.05.

All statistical analysis were performed using
the StatView software, version 5.0 (SAS Institute
Inc.). All laboratory values, the symptom score
and FEV, and PEF (percentage of predicted) are
expressed as mean + SD.

Results

After evaluation of psychological stress, the
patients were divided in two groups on the basis
of SIM values: 24 subjects with values indicating
the presence of psychological stress and 16 with
normal values indicating absence of stress. All
the stressed patients showed the presence of
anxiety as a habitual trait of personality, deter-
mined by means of the STAI scale (data not
shown). The demographic data of the two groups
are shown in Table 2. The only significant
difference between the groups was in the preval-
ence of patients with associated rhinitis, which
was higher among non-stressed group.

The stressed group displayed a significantly
higher percentage of family stressing psychoso-
cial factors, such as divorced/absent parents,
low-income households or non-working parents

Table 2. Demographic data, RAST values and strass integrated maasurs (SIM)
values fmean ¢ S0) of the studied patients

Greup 1 Group 2

n=2 n=16 pvaiug
Madian age [ranga) (0 years 13 [@3-19) 13 |B-16) 0063
Sex MUY 1212 R 1.000
Patients with associated 183 10 {5251 2003

thinitis (%)

RAST [maan = 501 kK 154 2 51 1768 0663
S (=500 B01=183 - TE=4&2 <0000
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Table 3. Symptom score, pulmonary function test rasults and ECP concen.
tration befors sublingual immunotherapy and after 8 months of mmunc-
therapy. Both the complete analyss and the restricted analysis are hown for
each parameter (see the text for details)

Group 1 Group 2 pewalug®

fal
Symptom score: Tg 2833 +03 187 =033 08282
Symptom scove Ty 2172009 0122033 00000
pt 000 <0.0001
Symptom score T 291029 320 07389
Symptom oo T! 2307 0 0.0002
p' 0.0117 0.0277
Score reduction (%) 344 858114 <0.0001
Score reductian (% 182+ 267 100 0.0002

ib)
PEF Ts 73R+ 19 Bl.1=10 02141
FEF' T, 07 + 163 BRA £ 107 0079z
g 0.0003 01,0001
peri Tt 814187 BET £ 134 0117
PEF 1'! B0S+174 852 131 0.0187
ot 005 0.0zm
v T B552 181 908 1 38 0.5587
FEU?TT 819+ 147 56124 ;b
pt <01.0001 «<0.0001
revi Tt BE4 2104 045+ 34 03135
Fﬂ#ﬁ 9Ee187 997 + 34 0083
p' <0000 [Ty

]
ECF Ty ng/mi BBI=T24 515+ 778 0.1591
ECP Ty ng/mi 6.4 = 66.8 98+3 <0.0001
mt 0.449 0.0005
ECP Iing.fml 731+ 755 505 + 761 0.218
ECP T} ng/mi 7032708 BE:313 <0000
pt 0.2475 porm

*p growps 1 s 2,

TF T‘ va Ty

*Agthmatic patients anly

YPercentage of pradictad

(17 subjects, 70.8%, in group 1 vs. 3 subjects,
18.7%, in group 2, p = 0.022).

The clinically relevant data for both groups
before and after 6 months of SLIT (symptom
score, PEF and FEV)), together with ECP
concentration at both times, are summarized in
Table 3. There were no significant differences
between the two groups at baseline.

While the improvement of all clinical param-
eters was statistically significant in both groups
after 6 months of SLIT, comparison of the
groups shows a significant difference in the
symptom score (0.12 &+ 0.33 in non-stressed
group vs. 2.17 £+ 0.99, p < 0.0001). The percen-
tage of reduction in clinical score was also
significantly higher among non-stressed patients
(Table 3a). As regards the pulmonary function
tests, PEF values were significantly higher ir
non-stressed  patients  (88.4 £ 10.7% vs
80.2 £ 16.3%, p = 0.029), whereas no statisti
cally significant difference is registered in FEV



values (Table 3b). The serum concentration of
ECP, which displayed an increase in both groups
at baseline, was also significantly lower in non-
stressed patients after 6 months of immunothera-
py (Table 3c).

In order to rule out the possibility of improve-
ment in asthma being due to the effect of SLIT on
rhinitis, the statistical analysis was restricted to
patients affected exclusively by asthma, excluding
all the subjects who also had rhinitis. In this
restricted analysis, the results for the non-stressed
group once again showed a statistically significant
improvement as regards clinical score (with signi-
ficant higher reduction of the score), serum ECP
concentration and PEF values. Though not sta-
tistically significant, the difference in FEV, values
showed a p-value lower than that obtained from
the analysis involving all subjects (Table 3).

Correlation analysis was applied to the SIM
values and the reduction of symptom score
(expressed as percentage of reduction after
6 months of SLIT). Analysis of all the patients
revealed a significant inverse correlation between
SIM values and the reduction of symptom score,
with r=-0.906, p < 0.0001 (Fig. 1a). The
results of correlation analysis within the single
groups showed that while score reduction was
not correlated to SIM values in non-stressed
patients (r = 0.193, p = 0.48) (Fig. 1¢c), there
was a statistically significant inverse correlation
between SIM and score reduction in the stressed
group (r = -0.773, p < 0.0001) (Fig. 1b).

In addition, the number of patients with
symptom score 0 after 6 months of therapy was
14 in the non-stressed group (87.5%) and only
two (8.33%) in the stressed group (p < 0.0001).

After 6 months of SLIT, the serum concentra-
tion of PRL, ACTH and cortisol was evaluated
in addition to diary cards and PFT assessment.
The concentration of all these parameters was
higher in the stressed group. Mean PRL concen-
tration (Fig. 2a) was 15.9 = 8.6 ug/l in group !
and 9.8 £ 6.2 ug/l in group 2 (p = 0.0037) and
ACTH concentration (Fig. 2b) was 22.2 + 9.5
and 129 + 4.9 ug/l respectively (p = 0.003).
Finally, cortisol values were similarly higher
among stressed patients (Fig. 2c), with a mean
concentration of 17.8 £ 10.8 ug/dl s,
10.7 = 3.3 ug/dl (p = 0.0022). Additional ana-
lysis of correlation between SIM results and
serological parameters revealed a significant
direct correlation between SIM values and the
serum concentration of prolactin (p = 0.0002),
ACTH (p < 0.0001), cortisol (p = 0.0003) and
ECP (p < 0.0001). The direct correlation was
also significant within each group (data not
shown).

Stress and response to SLIT

Fig. ]. Regression graphs of stress integrated measure
(SIM) values and variation of symptom score. (a) shows the
results for all patients, (b) for group | (stressed patients),
mﬁc} for group 2 (non-stressed patients). See text for r and
p-values.

The specific immunotherapy of allergic diseases is
perhaps the very first therapeutic strategy devel-
oped with the objective of modulating the
immune response to environmental allergens,
and its effectiveness and safety have been largely
proven over the decades (20, 21). Specific immu-
notherapy appears to affect the Th2/Thl ratio by
‘reorienting’ the immune system from a Th2-
dependent reaction to allergens. Sublingual
administration has proved as effective as subcu-
taneous injection (22), and SLIT has also been
shown to modulate the Th2/Thl balance and
lower the serum concentration of 1L-13 (13).
Despite all these positive clinical results, there
are some patients who do not respond well
to specific immunotherapy. Lack of response
can depend on a whole range of host and
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Fig, 2. Comparison between serum concentrations of pro-
lactin (a), a rticotropic hormone (b) and cortisol (¢)
in stressed (grey bars) and non-stressed (white bars) patients
l.i.’ll:r 6 months of sublingual immunotherapy. See text for p-
Values,

environmental factors, but it is not yet clear why
this should happen. Many studies have shown
that the neuroendocrine system can affect im-
mune responses by means of hormones and
neuropeptides. Human lymphocyte responses
can be modulated by hormones and neuropep-
tides produced by the nervous system and can
synthesize hormones, such as ACTH, and neu-
ropeptides, such as endorphins, from a precur-
sor, pro-opio-melano-cortin, similar to that
produced in the pituitary (12, 23). The lympho-
cyte has indeed been described on the basis of
these findings as the ‘internal sensitive organ or
circulating mini-pituitary’ (12). Moreover, the
nervous and immune systems speak a common
biochemical language and communicate via a
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circuit of shared ligands and their respective
receptors (24).

The modulation of immune response by the
neuroendocrine system also plays a role in
allergic disease and the exacerbation of asthma
(5, 25) and this interaction may also affect the
response to immunomodulating therapies, such
as vaccination with bacterial antigens (7). While
mechanisms linking stress and mast cell function
have been studied, the relationship between stress
response and specific immunotherapy in allergy
is in need of further investigation. There are in
fact no studies into the effect of the neuroendo-
crine system on immunomodulating therapies for
allergic diseases. In a previous study we observed
a reduction of prolactin concentration after SLIT
in allergic children (13), which may prove a key
to better understanding of the influence of
psychological stress and stressful conditions on
the clinical outcome of specific immunotherapy.

The MSP test was used to evaluate this
possible influence. The test, which was not
designed for use with psychiatric patients, is a
useful tool to evaluate psychological stress in
‘normal’ populations, particularly in research
settings. Concomitant validity with immunity
was also demonstrated by means of salivary
immunoglobulin concentration (18). The pa-
tients’ anxiety status was evaluated by means of
the STAI scale, and the presence of anxiety as a
habitual trait emerged in all cases. These results
appear lo rule out an acute state of anxiety. The
difference between the two groups in the clinical
outcome after 6 months of immunotherapy was
remarkable, While the improvement in symptom
score and PFT results was statistically significant
in both groups, the clinical score was significantly
lower in the non-stressed group at 6 ménths by
comparison with the stressed group. The per-
centage of patients with a symptom score 0 was
also significantly lower in the non-stressed group.
The evaluation of diary cards showed a consis-
tent perception of symptoms throughout the
whole study period. In addition, the frequency
of family psychosocial factors was significantly
higher among stressed patients. This significant
difference seems to reinforce the data from diary
cards and the STAI scale results, indicating the
persistence of stress conditions over time. Taken
together, these facts seem to rule out the possi-
bility that a momentary state of stress could
account for a different perception of symptoms.

In addition, the two objective parameters of
PEF and ECP, which show no statistical differ-
ence at baseline, are significantly improved
among non-stressed subjects after SLIT.
These results are consistent with recent studies



“demonstrating the role of psychological stress
and stressful conditions in exacerbating airway
inflammation and the expression of atopic dis-
orders (4, 5).

The only significant difference in the baseline -

characteristics of the two groups was the preval-
ence of patients also affected by rhinitis, which
was higher among the non-stressed group. It has
been largely demonstrated that SLIT is really
effective on rhinitis subjects and that improve-
ment in rhinitis may also lead to improvements in
associated asthma (15, 20, 22). This possible bias
on asthma results seems to be ruled out by the
results of the restricted statistical analysis exclu-
ding rhinitis patients, the results of which proved
similar to those of the analysis including all the
patients studied. On the contrary, the lower
p-value of the difference in FEV, values between
the two groups after 6 months of SLIT in this
restricted analysis seems to suggest a possible
major role of stressing conditions on asthma.
This possibility needs to be studied in further
studies with larger groups of subjects.

It is also interesting that an inverse correlation
was found in the stressed patients between SIM
values and the percentage of symptom score
reduction, whereas the correlation in the non-
stressed patients was not significant. This may
indicate that the presence of psychological stress
can directly influence clinical outcome, while
other factors play a role when no stress is
present. Given that the SIM results were directly
correlated with all the parameters measured in all
our patients, it might be that psychological stress
influences clinical outcome through the immu-
nologic and neuroendocrine factors evaluated
(prolactin, cortisol and ACTH) as well as others.

In actual fact, evidence has been accumulated
suggesting that neuropetides such as PRL,
ACTH and cortisol play a major role in modu-
lating immune responses. In particular, it has
been demonstrated that glucocorticoids are cap-
able of influencing the Th1/Th2 balance. In vitro
studies showed that a Th2 cytokine response by
activated CD4"* T cells was induced by means of
pre-treatment with glucocorticoids, with in-
creased mRNA of IL-4, IL-5 and IL-13 and
diminished synthesis of [FNy and TNFa (9).
Glucocorticoids may work through this inhibi-
tion of Thl response to protect the organism
from systemic ‘overshooting' with Thl/pro-
inflammatory cytokines. Conditions associated
with changes in glucocorticoids levels (such as
acute of chromic stress, cessation of chronic
stress, severe exercise, pregnancy and post-
partum) may, however, affect the suscepiibility
to or the course of infections and of autoimmune

Stress and response to SLIT

and allergic diseases (10). In addition, it has been
demonstrated that PRL has a stimulating func-
tion both in ontogenesis and in modulation of
the immune system (26). fn vitro, PRL induces an
over-expression of the v/ TCR (27) and y/6+ T
cells are essential for inducing IL-4 dependent
IgE and IgGl responses and for Th2-mediated
airway inflammation (28). It was observed in a
previous double-blind study that, in addition to
its immunomodulatory effect on the Thi/Th2
balance, SLIT causes a decrease in PRL concen-
tration among treated subjects (13). The higher
PRL concentration observed among stressed
subjects in the present study may represent a
key linking the efficacy of SLIT to the stress
status of patients.

Taken together, these findings could indicate
the possibility of clinical outcome being influ-
enced by psychological stress. No other clinical
differences were registered between the two
groups and the environmental factors (exposition
to HDM) were also similar (data not shown).
Many of the patients were children at an age
when the influence of caregivers is of particular
importance. Some studies have in fact suggested
that parental stress may influence hormonal
stress response in early childhood and constitute
a predisposing factor of atopy (29). Qur data on
the higher prevalence of stressing psychosocial
family factors among patients with poorer clin-
ical response seems to be consistent with these
observations, but they need to be further evalu-
ated in larger populations of paediatric patients.

A chronic clinical condition such as allergy can
of course contribute in turn to the development
of psychological distress. A persistent antigen
capable of causing chronic illness is similar to a
persistent  stressful  psychosocial  stimulus.
Lymphocytes and monocytes/macrophages re-
lease cytokines, which modulate the CNS and
therefore behaviour. This process is amplified
during the course of illnesses, thus leading to
‘sickness behaviour’. In the response to exogen-
ous factors such as allergens, importance atta-
ches to the concept of ‘allostasis’, defined as ‘the
capacity of individual to maintain stability
through change' (30). Through allostasis, the
autonomic nervous system, the hypothalamus-
pituitary-adrenal axis (HPA), and the cardiovas-
cular, metabolic and immune systems protect our
organism from exogenous (psyvchosocial) and
endogenous (antigenic) stress events. The allo-
static load is defined as the wear and tear caused
by this adjustment. Acute and chronic stress,
stress, resulting respectively from the impeding of
genetically derived fight-and-flight be haviour and
the accumulation of minor stressful events,
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provoke long-term sequelae because of allostatic
load. .

The two groups of patients displayed no
significant differences in clinical features (symp-
toms, duration of diseases, previous use of SIT
etc.), with the exception of a higher prevalence of
associated rhinitis among non-stressed patients.
As the analysis excluding all subjects with rhinitis
also showed similar results, the differences
observed in stress levels are therefore not
explained by the disease itself and are probably
because of the different ways in which individuals
respond to exogenous and endogenous stimuli,
including parental distress, coping with a chronic
disease, distress caused by the impairment of
daily activities due to asthma etc. The psycholo-
gical stress derived from the high allostatic load
perceived by some individuals may contribute to
exacerbation of the disease as well as poorer
response to immunomodulating therapy.

Qur findings appear to be consistent with the
view of Wright et al. (5) that psychological stress
should be considered a social pollutant breathed
into the body that increases the risk of atopy.
Our finding in this connection was that chronic
psychological stress can influence the response to
SLIT, which may account for some response
failures. Further studies are needed to clarify the
possible role of stress in affecting the response to
immunomodulating therapies. The evaluation of
stress conditions may become useful as a prog-
nostic co-factor of immunotherapy. Given both
the fact that caregiver-related stress can play a
key role in the case of children (29) and the
higher frequency of stressing family conditions
observed in our group of stressed patients, a
study is now underway to clarify the role of
parental distress on disease manifestation and
response to therapies.

Acknowledgment
This work was supported by Faculty Grant 60% MIUR.

References

1. Aper R, Couen N, FELTEN D. Psychoneurcimmunol-
ogy: interactions between the nervous system and the
jmmune system. Lancet 1995: 345: 99102,

2. McEwen BS. Protective and damaging effects of stress
mediators. N Engl ] Med 1998: 338: 171-9.

3. Busse WW, Rosewwasser LI, Mechanisms of asthma.
1 Allergy Clin Immunol 2003; 111 (Suppl. 3): 5799804,

4, Liv LY, Coe CL, Swenson CA, KeLLy EA, Kita H,
Busse WW. School examinations enhance airway
inflammation to antigen challenge. Am J Respir Crit
Care Med 2002: 165: 10627,

5. Wriont R, Couen RT, Couex S. The impact of stress
on the development and expression of atopy. Curr Opin
Allergy Clin Immunol 2005: 5: 23-9.

344

0.
1.

12.

13

14.

15.

16,

18.

19.

21.

Fc

Sanpserc S, JARVENPAA S, PENTTINEN A, PaTON Jy,
MeCany DC. Asthma  exacerbations in  children
immediately following stressful life events: a Cox's
hierarchical regression. Torax 2004: 59: 1046-51.

_ Bupns VE, CarmorL D, Ring C, Drayson M. Anti-

body response to vaccination and psychosocial stress in
humans: relationships and mechanisms. Vaccine 2003:
21; 2523-34.

. Graser R, Stress-associated immune dysregulation and

its importance for human health: a personal history of
psychoneurcimmunology. Brain Behav Immun 2005
19; 311

Rammmez F, Fowery D), Puxiavex M, SiMMONDS §,
Mason D. Glucocorticoids promote a Th2 cytokine
response by CD4 + T cells in vitro. ] Immunol 1996: 156:
2406-12.

Eresxov 1J. Glucocorticoids and the Thl/Th2 balance.
Ann NY Acad Sci 2004: 1024: 13846,

Wu CY, Sareant M, Heusser C, et al. Glucocorticoids
increase the synthesis of immunoglobulin E by IL-4
stimulated human lymphocytes. J Clin Invest 1991: ET:
870-7.

Brarock JE. A molecular basis for bidirectional com-
munication between the immune and the neurcendo-
erine systems. Physiol Rev 1989: 69: 1-32.

Irroum F, De Sanmis W, VoLTERRAMN A, et al. lmmu-
nomodulation during sublingual therapy in allergic
children. Pediatr Allergy Immunol 2003 14: 216-21.
Cocxcrorr DW, Haraoreave FE. Airway hyperre-
sponsiveness: definition, measurement and clinical rele-
vance, In: KALmEN MA, Barnes P, Persson CGA, eds,
Asthma: its pathology and treatment. New York:
Marcel Dekker, Inc., 1991: 51-64,

Tar1 MG, Mancino M, Monti G. Efficacy of sublin-
gual immunotherapy in patients with rhinitis and asth-
ma due to house dust mite. A double blind study.
Allergol Immunopathol 1990: 18: 277-84.

MismeLLo G, Brenna O, Roncazolo D, Zawowt D,
Gewtii M, Fatagiami P. Monomeric chemically
modified : immunologic and physiochemical
characterisation. Allergy 1996: 51: B-15.

D1 Nuovo 5, Risrou L, Gesta E. Misurare lo stress: il

test MSP e altri strumenti per una valutazione integrata.
Rome: F Angeli, 2000, :
Lemyne L, Tessier R. Measuring psychological stress.
Concept, model, and measurement instrument in pri-
care [article in English, French]. Can
Fam Physician 2003: 49: 115960, 1166-68.
SpieLpeRGER CD, Gorsucs RC, Luskene RE. Manual
far the State-Trait Anxiety Inventory. Palo Alto, CA:
Consulting Psychologist Press, 1970,

. Bousquer J, Lockey R, MaLLing H. Allergen immu-

notherapy: therapeutic vaccines for allergic diseases.
WHO Position Paper. J Allergy Clin Immunol 1998
102: 558-62.

Apkmson NF, EcaLeston PA, ExeY D, et al. A con-
trolled trial of immunotherapy for asthma in allergic
children. N Engl ] Med 1997: 336: 324-31.

. Muncan D, Misruiail Z, Gursuz L. Comparison of

the efficacy of subcutaneous and sublingual immuno-
therapy in mite-sensitive patients with rhinitis and
asthma — 8 placebo controlled study. Ann Allergy
Asthma Immunol 1999: 82: 485-90.

Bencar 1, ChaLmErs IM, Naagy E, Warrinaton RJ
The immune effects of neuropeptides. Baillieres Clin
Rheumatol 1996: 10: 227-37,




5.

7,

Brarock JE. The immune system as the sixth sense.
J Intern Med 2005: 257: 126-38.

AesiscrEr I, Stampru MR, Zurcuer AW, etal
Meuropeptides are potent modulators of human in vitro
immunoglobulin E synthesis. Eur J Immunol 1994; 24;
1908-13.

Draca 5. Prolactin as an immunoreactive agent.
Immunol Cell Biol 1995: 73 481-3,

Hosokawa Y, Yanoc M, Eawexo 5, Tamaxa M,
NaxasHima K. Prolactin induces switching of T-cell
receptor gene expression from alpha to gamma in rat
Nb2 pre-T lymphoma cells. Biochem Biophys Res
Commun 1996: 220: 958-62.

28

0.

Stress and response to SLIT

Zuawy-AmoriMm C, Rue C, Haile §, Varoarmic BB,
PeErERA P, PRETOLANI M. Reguirement for gammadelia
T cells in allergic airwey inflammation. Science 1998
280 1265-7.

WrigHT RJ, Finn P, ConTRERAS JP, et al. "Chronic
caregiver siress and [gE expression, allergen-induced
proliferation and cytokine profiles in a birth cohort
pﬁdﬂg?ud atopy. J Allergy Clin Immunol 2004
113: 1051-7.

McEwen BS, WinGrFIELD JC. The concept of allostasis
in biology and biomedicine. Horm Behav 2003: 43; 2-
15.



	img198.pdf
	img199.pdf
	img200.pdf
	img201.pdf
	img202.pdf
	img203.pdf
	img204.pdf
	img205.pdf
	img206.pdf

